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1
FUNGAL BETA-XYLOSIDASE VARIANTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. patent
application Ser. No. 13/914,482, filed Jun. 10, 2013, which
claims priority to U.S. Prov. Appln. Ser. No. 61/673,358,
filed on Jul. 19, 2013, U.S. Prov. Appln. Ser. No. 61/774,
706, filed on Mar. 8, 2013, U.S. Prov. Appln. Ser. No.
61/658,166, filed on Jun. 11, 2012 4042, and U.S. Prov.
Appln. Ser. No. 61/774,695, filed on Mar. 8, 2013, the entire
contents of each of which are incorporated by reference for

all purposes.

REFERENCE TO A SEQUENCE LISTING
APPENDIX SUBMITTED AS AN ASCII TEXT
FILE

The Sequence Listing written in file 90834-
877471_ST25.TXT, created on Jun. 5, 2013, 496,945 bytes,
machine format IBM-PC, MS-Windows operating system, is
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention provides beta-xylosidase variant
enzymes suitable for use in saccharification reactions. The
present application further provides genetically modified
fungal organisms that produce beta-xylosidase variants, as
well as enzyme mixtures exhibiting enhanced hydrolysis of
cellulosic material to fermentable sugars, enzyme mixtures
produced by the genetically modified fungal organisms, and
methods for producing fermentable sugars from cellulose
using such enzyme mixtures.

BACKGROUND

Interest has arisen in fermentation of carbohydrate-rich
biomass to provide alternatives to petrochemical sources for
fuels and organic chemical precursors. There is great interest
in using lignocellulosic feedstocks where the plant cellulose
is broken down to sugars and subsequently converted to
desired end products, such as organic chemical precursors.
Lignocellulosic biomass is primarily composed of cellulose,
hemicelluloses, and lignin. Cellulose and hemicellulose can
be hydrolyzed in a saccharification process to sugars that can
be subsequently converted to various products via fermen-
tation. The major fermentable sugars obtained from ligno-
celluloses are glucose and xylose. For economical product
yields, a process that can effectively convert all the major
sugars present in cellulosic feedstock would be highly
desirable.

SUMMARY OF THE INVENTION

The present invention provides beta-xylosidase variant
enzymes suitable for use in saccharification reactions. The
present application further provides genetically modified
fungal organisms that produce beta-xylosidase variants, as
well as enzyme mixtures exhibiting enhanced hydrolysis of
cellulosic material to fermentable sugars, enzyme mixtures
produced by the genetically modified fungal organisms, and
methods for producing fermentable sugars from cellulose
using such enzyme mixtures.

The present application further provides genetically
modified fungal organisms that produce beta-xylosidase
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2

variants, as well as enzyme mixtures exhibiting enhanced
hydrolysis of cellulosic material to fermentable sugars,
enzyme mixtures produced by the genetically modified
fungal organisms, and methods for producing fermentable
sugars from cellulose using such enzyme mixtures. In some
embodiments, the beta-xylosidase variants are obtained
from Myceliophthora thermophila.

In some embodiments, the present application provides
recombinant beta-xylosidase variants and/or biologically
active fragments of recombinant beta-xylosidase variants
comprising at least one amino acid sequence comprising at
least about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% sequence identity to
SEQ ID NO:2 and comprising at least one mutation at
position 31, 108, 115, 209, 211, 219, 235, 280, 320, 322,
345, 347, 379, 449, 499, 571, 572, 761, 763, and/or 798,
wherein the positions are numbered with reference to SEQ
ID NO:2. In some embodiments, the recombinant beta-
xylosidase variants and/or biologically active fragments of
recombinant beta-xylosidase variants comprise at least one
amino acid sequence comprising at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least
about 99% sequence identity to SEQ ID NO:2 and compris-
ing at least one mutation at position P31, S108, L.115, V209,
S211, N219, V235, M280, G320, G322, S345, G347, H379,
G449, A499, N571, W572, L761, G763, and/or 1798,
wherein the positions are numbered with reference to SEQ
ID NO:2. In some additional embodiments, the recombinant
beta-xylosidase variants and/or biologically active frag-
ments of recombinant beta-xylosidase variants comprise at
least one amino acid sequence comprising at least about
70%, at least about 75%, at least about 80%, at least about
85%, at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99% sequence identity to SEQ ID
NO:2 and comprising at least one mutation at position P31G,
S108A, L1151, V2091, S211A, N219Y, V2351, V235L,
M280L, G320A, G322A, S345L, G347Q, H379Y, G449N,
A499S, A499K, N571G, W572Y, L7611, G763P, and/or
1798V, wherein the positions are numbered with reference to
SEQ ID NO:2. In some further embodiments, the recombi-
nant beta-xylosidase variants comprise at least one amino
acid sequence comprising at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about
90%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:2, wherein said amino
acid sequence comprises SEQ ID NO:5, 7,9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53, and/or 55. In some additional embodiments, the
recombinant beta-xylosidase variant or biologically active
beta-xylosidase variant fragment of claim 1, wherein said
beta-xylosidase variant is a Myceliophthora thermophila
beta-xylosidase variant.

The present invention also provides enzyme compositions
comprising at least one beta-xylosidase variant and/or at
least one biologically active beta-xylosidase fragment as
provided herein. In some embodiments, the enzyme com-
position further comprises at least one additional enzyme. In
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some further embodiments, the enzyme composition further
comprises one or more enzymes selected from cellulases,
hemicellulases, xylanases, amylases, glucoamylases, pro-
teases, esterases, and lipases. In some additional embodi-
ments, the enzyme composition further comprises one or
more enzyme(s) selected from endoglucanases (EG), p-glu-
cosidases (BGL), Type 1 cellobiohydrolases (CBH1), Type
2 cellobiohydrolases (CBH2), GH61 enzymes, and/or
xylanases.

The present invention also provides recombinant organ-
isms comprising at least one beta-xylosidase variant and/or
at least one biologically active beta-xylosidase variant frag-
ment as provided herein. In some embodiments, the present
invention provides recombinant fungal organisms compris-
ing at least one polynucleotide comprising at least one
nucleic acid sequence encoding at least one beta-xylosidase
variant and/or biologically active beta-xylosidase fragment,
and/or at least one polynucleotide that hybridizes under
stringent hybridization conditions to the polynucleotide and/
or a complement of a polynucleotide that encodes a poly-
peptide comprising the amino acid sequence provided
herein. In some embodiments, the polynucleotide comprises
a sequence that has least 70%, at least 75%, at least 80%, at
least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 99%,
at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% identity to SEQ ID NOS:1, 4, 6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
46, 48, 50, 52, and/or 54.

The present invention also provides recombinant nucleic
acid constructs comprising at least one polynucleotide
sequence, wherein the polynucleotide is selected from: a
polynucleotide that encodes a polypeptide comprising an
amino acid sequence comprising at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identity to SEQ
IDNO: 2,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, and/or 55; a
polynucleotide that hybridizes under stringent hybridization
conditions to at least a fragment of a polynucleotide that
encodes a polypeptide comprising the amino acid sequence
of SEQIDNO: 2,3, 5,7,9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, 33,35,37,39, 41, 43, 45, 47, 49, 51, 53, and/or
55; and/or a polynucleotide that hybridizes under stringent
hybridization conditions to the complement of at least a
fragment of a polynucleotide that encodes a polypeptide
comprising the amino acid sequence of SEQ ID NO: 2, 3, 5,
7,9,11,13,15,17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, and/or 55. In some embodiments,
the polynucleotide sequence is at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identical to SEQ
IDNO:1, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32,34,36, 38, 40, 42, 44, 46, 48, 50, 52, and/or 54. In some
further embodiments, the polynucleotide sequence is oper-
ably linked to a promoter. In some additional embodiments,
the promoter is a heterologous promoter. In some additional
embodiments, the nucleic acid sequence is operably linked
to at least one additional regulatory sequence.

The present invention also provides recombinant host
cells that express at least one polynucleotide sequence
encoding at least one beta-xylosidase variant and/or biologi-
cally active beta-xylosidase fragment, as provided herein. In
some embodiments, host cell comprises at least one nucleic
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acid construct as provided herein. In some additional
embodiments, the host cell comprises at least one polypep-
tide sequence set forth in SEQ ID NO:5, 7,9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53, and/or 55. In some further embodiments, the host cell
comprises at least one polynucleotide sequence set forth in
SEQIDNO:1, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, and/or 54. In
some still additional embodiments, at least beta-xylosidase
variant and/or at least one biologically active beta-xylosi-
dase fragment is produced by said cell. In some embodi-
ments, the beta-xylosidase variant and/or biologically active
beta-xylosidase fragment is secreted from the host cell. In
some further embodiments, the host cell further produces at
least one enzyme selected from endoglucanases (EG), p-glu-
cosidases (BGL), Type 1 cellobiohydrolases (CBH1), Type
2 cellobiohydrolases (CBH2), GH61 enzymes, and
xylanases. In some additional embodiments, the host cell
produces at least two recombinant cellulases. In some fur-
ther embodiments, the recombinant host cell produces at
least three, at least four, or at least five recombinant cellu-
lases. In some further embodiments, the recombinant cell is
a prokaryotic or eukaryotic cell. In some embodiments, the
recombinant host cell is a yeast cell or filamentous fungal
cell. In some additional embodiments, the recombinant host
cell is a filamentous fungal cell that is a Myceliophthora, a
Thielavia, a Trichoderma, or an Aspergillus cell. In some
alternative embodiments, the recombinant host cell is
selected from Saccharomyces and Myceliophthora. In some
further embodiments, the recombinant host is a Mycelio-
phthora thermophila, while in some alternative embodi-
ments, the recombinant host cell is Saccharomyces cerevi-
siae.

In some embodiments, the present invention provides
methods for producing at least one fermentable sugar from
a feedstock, comprising contacting the feedstock with at
least one enzyme composition provided herein, under cul-
ture conditions whereby fermentable sugars are produced. In
some embodiments, the enzyme composition further com-
prises at least one enzyme selected from endoglucanases
(EG), p-glucosidases (BGL), Type 1 cellobiohydrolases
(CBH1), Type 2 cellobiohydrolases (CBH2), GH61
enzymes, and xylanases. In some embodiments, at least one
of the further enzymes is a recombinant enzyme. In some
additional embodiments, the methods further comprise pre-
treating the feedstock prior to the contacting step. In some
embodiments, the feedstock comprises wheat grass, wheat
straw, barley straw, sorghum, rice grass, sugarcane, sugar
beet, bagasse, switchgrass, corn stover, corn fiber, grains, or
a combination thereof. In some additional embodiments, the
fermentable sugar comprises glucose and/or xylose. In some
further embodiments, the methods further comprise recov-
ering at least one fermentable sugar. In some still further
embodiments the methods further comprise contacting the at
least one fermentable sugar with a microorganism under
conditions such that said microorganism produces at least
one fermentation end product. In some additional embodi-
ments, the fermentation end product is selected from alco-
hols, fatty acids, lactic acid, acetic acid, 3-hydroxypropionic
acid, acrylic acid, succinic acid, citric acid, malic acid,
fumaric acid, succinic acid, amino acids, 1,3-propanediol,
ethylene, glycerol, and p-lactams. In some further embodi-
ments, the fermentation product is an alcohol selected from
ethanol and butanol. In some embodiments, alcohol is
ethanol. In some additional embodiments, the feedstock is a
cellulosic and/or lignocellulosic feedstock.
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The present invention also provides methods of producing
an end product from a feedstock, comprising: contacting the
feedstock with at least one enzyme composition provided
herein, under conditions whereby at least one fermentable
sugar is produced from the substrate; and contacting the
fermentable sugar with a microorganism under conditions
such that the microorganism uses the fermentable sugar to
produce an end-product. In some embodiments, the methods
comprise simultaneous saccharification and fermentation
reactions (SSF), while in some alternative embodiments, the
methods comprise separate saccharification and fermenta-
tion reactions (SHF). In some embodiments, the feedstock is
a cellulosic and/or lignocellulosic feedstock.

The present invention also provides methods of producing
a fermentation end product from a feedstock, comprising:
obtaining at least one fermentable sugar produced according
to any method provided herein; and contacting the ferment-
able sugar with a microorganism in a fermentation to pro-
duce at least one fermentation end product. In some embodi-
ments, the fermentation end product is selected from
alcohols, fatty acids, lactic acid, acetic acid, 3-hydroxypro-
pionic acid, acrylic acid, succinic acid, citric acid, malic
acid, fumaric acid, succinic acid, amino acids, 1,3-propane-
diol, ethylene, glycerol, and p-lactams. In some additional
embodiments, the fermentation end product is at least one
alcohol selected from ethanol and butanol. In some further
embodiments, the microorganism is a yeast. In some further
embodiments, the methods further comprise recovering the
fermentation end product.

The present invention also provides methods for produc-
ing at least one fermentable sugar from a feedstock, com-
prising contacting the feedstock with at least one recombi-
nant beta xylosidase and/or at least one biologically active
beta-xylosidase fragment provided herein, and/or at least
one enzyme composition provided herein, and/or at least one
recombinant host cell as provided herein, under culture
conditions whereby fermentable sugars are produced. In
some embodiments, the enzyme composition and/or recom-
binant host cell further comprises at least one enzyme
selected from endoglucanases (EG), p-glucosidases (BGL),
Type 1 cellobiohydrolases (CBH1), Type 2 cellobiohydro-
lases (CBH2), GH61s, and xylanases. In some embodi-
ments, at least one of the further enzymes is a recombinant
enzyme. In some embodiments, at least one further enzyme
is a heterologous enzyme. In some embodiments, the meth-
ods further comprise pretreating the feedstock prior to the
contacting step. In some additional embodiments, the feed-
stock comprises wheat grass, wheat straw, barley straw,
sorghum, rice grass, sugarcane, sugar beet, bagasse, switch-
grass, corn stover, corn fiber, grains, or a combination
thereof. In some further embodiments, the fermentable sugar
comprises glucose and/or xylose. In some further embodi-
ments, the methods further comprise recovering at least one
fermentable sugar. In still some additional embodiments, the
methods further comprise contacting at least one ferment-
able sugar with a microorganism under conditions such that
the microorganism produces at least one fermentation end
product. In some embodiments, the fermentation end prod-
uct is selected from alcohols, fatty acids, lactic acid, acetic
acid, 3-hydroxypropionic acid, acrylic acid, succinic acid,
citric acid, malic acid, fumaric acid, succinic acid, amino
acids, 1,3-propanediol, ethylene, glycerol, and -lactams. In
some further embodiments, the fermentation product is an
alcohol selected from ethanol and butanol. In some further
additional embodiments, the alcohol is ethanol. In some
additional embodiments, the feedstock is a cellulosic and/or
lignocellulosic feedstock.
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The present invention also provides methods of producing
an end product from a feedstock, comprising: contacting the
feedstock with at least one recombinant beta xylosidase
and/or at least one biologically active beta-xylosidase frag-
ment provided herein, and/or an at least one enzyme com-
position provided herein, and/or at least one recombinant
host cell provided herein, under conditions whereby at least
one fermentable sugar is produced from the substrate; and
contacting the fermentable sugar with a microorganism
under conditions such that the microorganism uses the
fermentable sugar to produce an end-product. In some
embodiments, the enzyme composition and/or recombinant
host cell further comprises at least one enzyme selected from
endoglucanases (EG), -glucosidases (BGL), Type 1 cello-
biohydrolases (CBH1), Type 2 cellobiohydrolases (CBH2),
GHG61 enzymes, and xylanases. In some embodiments, at
least one of the further enzymes is a recombinant enzyme.
In some additional embodiments, at least one of the further
enzymes is a heterologous enzyme. In some embodiments,
the methods comprise a simultaneous saccharification and
fermentation reactions (SSF), while in some alternative
embodiments, the methods comprise separate saccharifica-
tion and fermentation reactions (SHF). In some embodi-
ments, the feedstock is a cellulosic and/or lignocellulosic
feedstock.

The present invention also provides methods of producing
a fermentation end product from a feedstock, comprising:
obtaining at least one fermentable sugar produced according
to at least one method provided herein; and contacting the
fermentable sugar with a microorganism in a fermentation to
produce at least one fermentation end product. In some
embodiments, the fermentation end product is selected from
alcohols, fatty acids, lactic acid, acetic acid, 3-hydroxypro-
pionic acid, acrylic acid, succinic acid, citric acid, malic
acid, fumaric acid, succinic acid, amino acids, 1,3-propane-
diol, ethylene, glycerol, and p-lactams. In some further
embodiments, the fermentation end product is at least one
alcohol selected from ethanol and butanol. In some addi-
tional embodiments, the microorganism is a yeast. In some
further embodiments, the methods further comprise the step
of recovering the fermentation end product.

The present invention provides recombinant beta-xylosi-
dase variants and/or biologically active recombinant beta-
xylosidase variant fragments comprising at least one amino
acid sequence comprising at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about
90%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, at least about
99%, or at least about 100% sequence identity to SEQ ID
NO:2 and comprising at least one mutation at position 31,
108, 115, 174, 177, 203, 209, 211, 219, 235, 264, 280, 309,
320, 322, 345, 347, 375, 379, 389, 394, 398, 431, 438, 449,
475, 482, 484, 499, 525, 539, 560, 565, 571, 572, 589, 662,
727, 761, 763, 798, and/or 842, wherein the positions are
numbered with reference to SEQ ID NO:2. In some embodi-
ments, the recombinant beta-xylosidase variants and/or bio-
logically active recombinant beta-xylosidase variant frag-
ments comprise at least one amino acid sequence comprising
at least about 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% sequence identity to SEQ ID NO:2
and comprising at least one mutation at position 31, 108,
115, 174, 177, 203, 209, 211, 219, 235, 264, 280, 309, 320,
322, 345,347, 375, 379, 389, 394, 398, 431, 438, 449, 475,
482, 484, 499, 525, 539, 560, 565, 571, 572, 589, 662, 727,
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761, 763, 798, and/or 842, wherein the positions are num-
bered with reference to SEQ ID NO:2. In some embodi-
ments, the recombinant beta-xylosidase variants and/or bio-
logically active recombinant beta-xylosidase variant
fragments comprise at least one mutation at position 31, 108,
115, 174, 177, 203, 209, 211, 219, 235, 264, 280, 309, 320,
322, 345,347,375, 379, 389, 394, 398, 431, 438, 449, 475,
482, 484, 499, 525, 539, 560, 565, 571, 572, 589, 662, 727,
761, 763, 798, and/or 842, wherein the positions are num-
bered with reference to SEQ ID NO:2.

In some additional embodiments, the recombinant beta-
xylosidase variant and/or biologically active recombinant
beta-xylosidase variant fragments comprise: (i) at least one
amino acid sequence comprising at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, at least
about 99%, or at least about 100% sequence identity to SEQ
ID NO:2 and comprising at least one mutation at position
P31, S108, L115, V174, 1177, G203, V209, S211, N219,
V235, A264, M280, A309, G320, G322, S345, G347, A354,
P375, H379, R389, E394, R398, R431, F438, G449, G475,
D482, D484, A499, G525, R539, E560, G565, N571, N572,
W572, E589, D662, E727, L761, G763, 1798, and/or G842,
wherein the positions are numbered with reference to SEQ
ID NO:2; (ii) at least one amino acid sequence comprising
at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 91%,
at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%,
at least about 98%, at least about 99%, or about 100%
sequence identity to SEQ ID NO:2 and comprising at least
one mutation at position P31G, S108A, L1151, V174P,
L177G, G203C, V2091, S211A, N219Y, V2351, V235L,
V235R, A264S, M280L, A309L, G320A, G322A, S345L,
G347Q, A354V, P375E, P375S, H379Y, R389T, E394L,
R398N, R431W, F438P, G449N, G475T, D482G, D484P,
A4998, A499K, G525R, R539G, R539H, R539Q), R539S,
R560D, G565N, N571G, W572Y, R589K, D662N, E727D,
E727T, L7611, G763P, 1798V, and/or G842A, wherein the
positions are numbered with reference to SEQ ID NO:2; or
(iii) at least one amino acid sequence comprising at least
about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least
about 98%, at least about 99%, or about 100% sequence
identity to SEQ ID NO:2, wherein said amino acid sequence
comprises SEQ ID NO:5,7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55,
and/or 59.

In some further embodiments, the recombinant beta-
xylosidase variant and/or biologically active recombinant
beta-xylosidase variant fragments comprise: (i) at least one
amino acid sequence comprising at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO:2 and comprising at least one
mutation at position P31, S108, L115, V174, L177, G203,
V209, S211,N219, V235, A264, M280, A309, G320, G322,
S345, G347, A354, P375, H379, R389, E394, R398, R431,
F438, G449, G475, D482, D484, A499, G525, R539, E560,
G565,N571,N572, W572, ES89, D662, E727, 761, G763,
1798, and/or G842, wherein the positions are numbered with
reference to SEQ ID NO:2; (ii) at least one amino acid
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sequence comprising at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity
to SEQ ID NO:2 and comprising at least one mutation at
position P31G, S108A, L1151, V174P, L177G, G203C,
V2091, S211A, N219Y, V2351, V2351, V235R, A264S,
M280L, A309L, G320A, G322A, S345L, G347Q, A354V,
P375E, P375S, H379Y, R389T, E394L, R398N, R431W,
F438P, G449N, G475T, D482G, D484P, A499S, A499K,
G525R, R539G, R539H, R539Q, R539S, R560D, G565N,
N571G, W572Y, R589K, D662N, E727D, E727T, L7611,
G763P, 1798V, and/or G842A, wherein the positions are
numbered with reference to SEQ ID NO:2; or (iii) at least
one amino acid sequence comprising at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or at least
100% sequence identity to SEQ ID NO:2, wherein said
amino acid sequence comprises SEQ ID NO:5, 7, 9, 11, 13,
15, 17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,
47, 49, 51, 53, 55, and/or 59. In some embodiments, the
recombinant beta-xylosidase variant or biologically active
beta-xylosidase variant are Myceliophthora thermophila
beta-xylosidase variant or biologically active beta-xylosi-
dase variant fragment.

The present invention also provides enzyme compositions
comprising at least one beta-xylosidase variant and/or at
least one biologically active beta-xylosidase variant frag-
ment provided herein, and optionally further comprising: (i)
at least one additional enzyme; (ii) one or more enzymes
selected from cellulases, hemicellulases, xylanases, amy-
lases, glucoamylases, proteases, esterases, and lipases; and/
or (iii) one or more enzyme(s) selected from endoglucanases
(EG), p-glucosidases (BGL), Type 1 cellobiohydrolases
(CBH1), Type 2 cellobiohydrolases (CBH2), GH61
enzymes, and/or xylanases. In some embodiments, the
enzyme compositions comprise at least one polypeptide
sequence selected from SEQ ID NOS:2, 3, 57, 61, 62, 64, 65,
67, 68,70, 71,73, 74,76, 77, 79, 80, 82, 83, 85, 86, 88, 89,
91, 92, 94, 95, 97, 98, 100, 101, 103, 104, 106, 107, 109,
111, 113, 115, and/or 117; and/or at least one polypeptide
sequence encoded by at least one polynucleotide sequence
selected from SEQ ID NO:1, 56, 60, 63, 66, 69, 72, 75, 78,
81, 84, 87, 90, 93, 96, 99, 102, 105, 108, 110, 112, 114,
and/or 116.

The present invention further provides recombinant
organisms comprising at least one beta-xylosidase variant
and/or at least one biologically active beta-xylosidase vari-
ant fragment as provided herein.

The present invention also provides recombinant fungal
organisms comprising at least one polynucleotide compris-
ing at least one nucleic acid sequence encoding at least one
beta-xylosidase variant and/or at least one biologically
active fragment as provided herein, and/or at least one
polynucleotide that hybridizes under stringent hybridization
conditions to the polynucleotide and/or a complement of a
polynucleotide that encodes a polypeptide comprising the
amino acid sequence provided herein, optionally wherein
said polynucleotide comprises a sequence that has least
about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least
about 98%, at least about 99%, or about 100% identity to
SEQ ID NOS:1, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, and/or
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58. In some embodiments, the recombinant fungal organ-
isms comprise at least one polynucleotide comprising at
least one nucleic acid sequence encoding at least one beta-
xylosidase variant and/or at least one biologically active
fragment as provided herein, and/or at least one polynucle-
otide that hybridizes under stringent hybridization condi-
tions to the polynucleotide and/or a complement of a poly-
nucleotide that encodes a polypeptide comprising the amino
acid sequence provided herein, optionally wherein said
polynucleotide comprises a sequence that has least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, at at
least 100% identity to SEQ ID NOS:1, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52, 54, and/or 58. In some additional embodiments, the
recombinant fungal organisms comprise at least one poly-
nucleotide comprising at least one nucleic acid sequence
encoding at least one beta-xylosidase variant and/or at least
one biologically active fragment as provided herein, and/or
at least one polynucleotide that hybridizes under stringent
hybridization conditions to the polynucleotide and/or a
complement of a polynucleotide that encodes a polypeptide
comprising the amino acid sequence provided herein,
optionally wherein said polynucleotide comprises at least
one sequence selected from SEQ ID NOS:1, 4, 6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
46, 48, 50, 52, 54, and/or 58.

The present invention also provides recombinant nucleic
acid constructs comprising at least one polynucleotide
sequence, wherein the polynucleotide is selected from: (a) a
polynucleotide that encodes a polypeptide comprising an
amino acid sequence comprising at least about 70%, at least
about 75%, at least about 80%, at least about 81%, at least
about 82%, at least about 83%, at least about 84%, at least
about 85%, at least about 86%, at least about 87%, at least
about 88%, at least about 89%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, at least about 99%, or at least
about 100% identity to SEQ ID NO: 2, 3, 5,7, 9, 11, 13, 15,
17,19, 21, 23, 25, 27, 29, 31, 33, 35,37, 39, 41, 43, 45, 47,
49, 51, 53, 55, and/or 59; (b) a polynucleotide that hybrid-
izes under stringent hybridization conditions to at least a
fragment of a polynucleotide that encodes a polypeptide
comprising the amino acid sequence of SEQ ID NO: 2, 3, 5,
7,9,11,13,15,17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, and/or 59; and/or (c) a
polynucleotide that hybridizes under stringent hybridization
conditions to the complement of at least a fragment of a
polynucleotide that encodes a polypeptide comprising the
amino acid sequence of SEQ ID NO: 2,3,5,7,9, 11,13, 15,
17,19, 21, 23, 25, 27, 29, 31, 33, 35,37, 39, 41, 43, 45, 47,
49, 51, 53, 55 and/or 59. In some embodiments, the present
invention also provides recombinant nucleic acid constructs
comprising at least one polynucleotide sequence, wherein
the polynucleotide is selected from: (a) a polynucleotide that
encodes a polypeptide comprising an amino acid sequence
comprising at least 70%, at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to SEQ ID NO: 2, 3, 5,7, 9, 11, 13,
15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,
47, 49, 51, 53, 55, and/or 59; (b) a polynucleotide that
hybridizes under stringent hybridization conditions to at
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least a fragment of a polynucleotide that encodes a poly-
peptide comprising the amino acid sequence of SEQ ID NO:
2,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33,
35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55, and/or 59; and/or
(c) a polynucleotide that hybridizes under stringent hybrid-
ization conditions to the complement of at least a fragment
of a polynucleotide that encodes a polypeptide comprising
the amino acid sequence of SEQ ID NO: 2,3,5,7,9, 11, 13,
15, 17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,
47, 49, 51, 53, 55 and/or 59.

The present invention also provides recombinant nucleic
acid constructs comprising at least one polynucleotide
sequence, wherein the polynucleotide is selected from: (a) a
polynucleotide that encodes a polypeptide comprising an
amino acid sequence comprising at least about 70%, at least
about 75%, at least about 80%, at least about 81%, at least
about 82%, at least about 83%, at least about 84%, at least
about 85%, at least about 86%, at least about 87%, at least
about 88%, at least about 89%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, at least about 99%, or at least
about 100% identity to SEQ IDNO: 2, 3, 5,7, 9, 11, 13, 15,
17,19, 21, 23, 25, 27, 29, 31, 33, 35,37, 39, 41, 43, 45, 47,
49, 51, 53, 55, and/or 59; (b) a polynucleotide that hybrid-
izes under stringent hybridization conditions to at least a
fragment of a polynucleotide that encodes a polypeptide
comprising the amino acid sequence of SEQ ID NO: 2, 3, 5,
7,9,11,13,15,17,19,21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, and/or 59; and/or (c) a
polynucleotide that hybridizes under stringent hybridization
conditions to the complement of at least a fragment of a
polynucleotide that encodes a polypeptide comprising the
amino acid sequence of SEQ ID NO: 2,3,5,7,9, 11, 13, 15,
17,19, 21, 23, 25, 27, 29, 31, 33, 35,37, 39, 41, 43, 45, 47,
49, 51, 53, 55 and/or 59. In some additional embodiments,
the present invention also provides recombinant nucleic acid
constructs comprising at least one polynucleotide sequence,
wherein the polynucleotide is selected from: (a) a polynucle-
otide that encodes a polypeptide comprising an amino acid
sequence comprising at least 70%, at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identity to SEQ ID NO: 2, 3, 5,
7,9,11,13,15,17,19,21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41,43,45,47, 49, 51, 53, 55, and/or 59; (b) a polynucleotide
that hybridizes under stringent hybridization conditions to at
least a fragment of a polynucleotide that encodes a poly-
peptide comprising the amino acid sequence of SEQ ID NO:
2,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33,
35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55, and/or 59; and/or
(c) a polynucleotide that hybridizes under stringent hybrid-
ization conditions to the complement of at least a fragment
of a polynucleotide that encodes a polypeptide comprising
the amino acid sequence of SEQ ID NO: 2,3,5,7,9, 11, 13,
15, 17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,
47, 49, 51, 53, 55 and/or 59. In some additional embodi-
ments, the present invention also provides recombinant
nucleic acid constructs comprising at least one polynucle-
otide sequence, wherein the polynucleotide is selected from:
(a) a polynucleotide that encodes a polypeptide comprising
an amino acid sequence comprising at least 70%, at least
75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%,
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at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or at 100% identity to SEQ
IDNO: 2,3,5,7,9,11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31,33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55, and/or 59;
(b) a polynucleotide that hybridizes under stringent hybrid-
ization conditions to at least a fragment of a polynucleotide
that encodes a polypeptide comprising the amino acid
sequence of SEQ ID NO: 2, 3,5,7,9, 11, 13, 15, 17, 19, 21,
23, 25, 27,29, 31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53,
55, and/or 59; and/or (c) a polynucleotide that hybridizes
under stringent hybridization conditions to the complement
of at least a fragment of a polynucleotide that encodes a
polypeptide comprising the amino acid sequence of SEQ ID
NO: 2,3,5,7,9,11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31,
33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55 and/or 59.

The present invention also provides recombinant nucleic
acid constructs comprising at least one polynucleotide
sequence, wherein the polynucleotide is selected from: (a) a
polynucleotide that encodes a polypeptide comprising an
amino acid sequence comprising at least about 70%, at least
about 75%, at least about 80%, at least about 81%, at least
about 82%, at least about 83%, at least about 84%, at least
about 85%, at least about 86%, at least about 87%, at least
about 88%, at least about 89%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, at least about 99%, or about
100% identity to SEQ ID NO: 2, 3, 5,7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53, 55, and/or 59; (b) a polynucleotide that hybridizes
under stringent hybridization conditions to at least a frag-
ment of a polynucleotide that encodes a polypeptide com-
prising the amino acid sequence of SEQ ID NO: 2,3, 5, 7,
9,11, 13,15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, and/or 59; and/or (c) a
polynucleotide that hybridizes under stringent hybridization
conditions to the complement of at least a fragment of a
polynucleotide that encodes a polypeptide comprising the
amino acid sequence of SEQ ID NO: 2,3,5,7,9, 11,13, 15,
17,19, 21, 23, 25, 27, 29, 31, 33, 35,37, 39, 41, 43, 45, 47,
49, 51, 53, 55 and/or 59. In some embodiments, the recom-
binant nucleic acid constructs comprise at least one poly-
nucleotide sequence, wherein the polynucleotide is selected
from: (a) a polynucleotide that encodes a polypeptide com-
prising an amino acid sequence comprising at least 70%, at
least 75%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% identity to
SEQID NO: 2,3,5,7,9,11,13,15,17, 19, 21, 23, 25, 27,
29,31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55, and/or
59; (b) a polynucleotide that hybridizes under stringent
hybridization conditions to at least a fragment of a poly-
nucleotide that encodes a polypeptide comprising the amino
acid sequence of SEQ ID NO: 2,3, 5,7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53, 55, and/or 59; and/or (c) a polynucleotide that
hybridizes under stringent hybridization conditions to the
complement of at least a fragment of a polynucleotide that
encodes a polypeptide comprising the amino acid sequence
of SEQID NO: 2,3,5,7,9, 11, 13, 15,17, 19, 21, 23, 25,
27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55
and/or 59.

In some further embodiments of the recombinant nucleic
acid constructs provided herein, (i) the polynucleotide
sequence is at least about 70%, at least about 75%, at least
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about 80%, at least about 81%, at least about 82%, at least
about 83%, at least about 84%, at least about 85%, at least
about 86%, at least about 87%, at least about 88%, at least
about 89%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least
about 98%, at least about 99%, or at least about 100%
identical to SEQ ID NO:1, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54,
and/or 58; (ii) the polynucleotide sequence is operably
linked to a promoter, optionally wherein said promoter is a
heterologous promoter; and/or (iii) the nucleic acid sequence
is operably linked to at least one additional regulatory
sequence. In some still further embodiments of the recom-
binant nucleic acid constructs provided herein, (i) the poly-
nucleotide sequence is at least 70%, at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical to SEQ ID NO:1, 4, 6,
8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
40, 42, 44, 46, 48, 50, 52, 54, and/or 58; (ii) the polynucle-
otide sequence is operably linked to a promoter, optionally
wherein said promoter is a heterologous promoter; and/or
(iii) the nucleic acid sequence is operably linked to at least
one additional regulatory sequence.

The present invention also provides recombinant host
cells that expresses at least one polynucleotide sequence
encoding at least one beta-xylosidase variant and/or at least
one biologically active beta-xylosidase fragment as pro-
vided herein. In some embodiments, the (i) host cell com-
prises at least one nucleic acid construct as provided herein;
(ii) the host cell comprises at least one polypeptide sequence
set forth in SEQ ID NO: 5,7, 9, 11, 13, 15, 17, 19, 21, 23,
25,27, 29,31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55,
and/or 59; (iii) the host cell comprises at least one poly-
nucleotide sequence set forth in SEQ ID NO: 1, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42,
44, 46, 48, 50, 52, 54, and/or 58; (iv) at least beta-xylosidase
variant and/or at least one biologically active beta-xylosi-
dase fragment is produced by said cell, optionally wherein
at least one beta-xylosidase variant and/or at least one
biologically active beta-xylosidase fragment is secreted
from the host cell; (v) said host cell further produces at least
one enzyme selected from endoglucanases (EG), f-glucosi-
dases (BGL), Type 1 cellobiohydrolases (CBH1), Type 2
cellobiohydrolases (CBH2), GH61 enzymes, and xylanases;
(vi) said cell produces at least two recombinant cellulases;
(vii) said cell produces at least three, at least four, or at least
five recombinant cellulases; (viii) said cell is a prokaryotic
or eukaryotic cell, optionally wherein said cell is a yeast cell
or filamentous fungal cell, such as wherein the filamentous
fungal cell is a Myceliophthora, a Thielavia, a Trichoderma,
and/or an Aspergillus cell; and/or (ix) said cell is selected
from Saccharomyces and Myceliophthora, optionally
wherein the filamentous fungal cell is a Myceliophthora
thermophila or wherein the yeast cell is Saccharomyces
cerevisiae.

The present invention also provides methods for produc-
ing at least one fermentable sugar from a feedstock, com-
prising contacting the feedstock with at least one recombi-
nant beta xylosidase and/or biologically active beta
xylosidase fragment, as provided herein, and/or a recombi-
nant host cell as provided herein, and/or an enzyme com-
position as provided herein, under culture conditions
whereby fermentable sugars are produced. In some embodi-
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ments of the methods the enzyme composition and/or
recombinant host cell further comprises at least one enzyme
selected from endoglucanases (EG), p-glucosidases (BGL),
Type 1 cellobiohydrolases (CBH1), Type 2 cellobiohydro-
lases (CBH2), GH61s, and xylanases, such as wherein said
at least one enzyme is a recombinant enzyme and/or wherein
said at least one enzyme is a heterologous enzyme; further
comprise pretreating the feedstock prior to said contacting;
wherein the feedstock comprises wheat grass, wheat straw,
barley straw, sorghum, rice grass, sugarcane, sugar beet,
bagasse, switchgrass, corn stover, corn fiber, grains, or a
combination thereof; (iv) wherein the fermentable sugar
comprises glucose and/or xylose; (v) further comprise
recovering at least one fermentable sugar; (vi) further com-
prise contacting the at least one fermentable sugar with a
microorganism under conditions such that said microorgan-
ism produces at least one fermentation end product, option-
ally wherein said fermentation end product is selected from
alcohols, fatty acids, lactic acid, acetic acid, 3-hydroxypro-
pionic acid, acrylic acid, succinic acid, citric acid, malic
acid, fumaric acid, succinic acid, amino acids, 1,3-propane-
diol, ethylene, glycerol, and 3-lactams, such as wherein said
fermentation product is an alcohol selected from ethanol and
butanol, preferably wherein said alcohol is ethanol; and/or
wherein the feedstock is a cellulosic and/or lignocellulosic
feedstock.

The present invention also provides methods of producing
an end product from a feedstock, comprising: a) contacting
the feedstock with at least one recombinant beta-xylosidase
and/or at least one biologically active beta-xylosidase frag-
ment as provided herein and/or a recombinant host cell as
provided herein, and/or an enzyme composition as provided
herein, under conditions whereby at least one fermentable
sugar is produced from the substrate; and b) contacting the
fermentable sugar with a microorganism under conditions
such that the microorganism uses the fermentable sugar to
produce an end-product. In some additional embodiments,
the recombinant organism and/or recombinant host cell
further comprises at least one enzyme selected from endo-
glucanases (EG), p-glucosidases (BGL), Type 1 cellobiohy-
drolases (CBH1), Type 2 cellobiohydrolases (CBH2), GH61
enzymes, and xylanases; at least one enzyme is a recombi-
nant enzyme and/or said at least one enzyme is a heterolo-
gous enzyme; the method comprises a simultaneous saccha-
rification and fermentation reactions (SSF) or wherein the
method comprises separate saccharification and fermenta-
tion reactions (SHF); and/or the feedstock is a cellulosic
and/or lignocellulosic feedstock.

The present invention further provides methods of pro-
ducing a fermentation end product from a feedstock, com-
prising: a) obtaining at least one fermentable sugar produced
according to a method provided herein; and b) contacting the
fermentable sugar with a microorganism in a fermentation to
produce at least one fermentation end product, optionally
wherein: (i) the fermentation end product is selected from
alcohols, fatty acids, lactic acid, acetic acid, 3-hydroxypro-
pionic acid, acrylic acid, succinic acid, citric acid, malic
acid, fumaric acid, succinic acid, amino acids, 1,3-propane-
diol, ethylene, glycerol, and 3-lactams, such as wherein said
fermentation end product is at least one alcohol selected
from ethanol and butanol; (ii) wherein the microorganism is
a yeast; and/or (iii) further comprising recovering the fer-
mentation end product.

The present invention also provides the following further
embodiments.

1. A recombinant beta-xylosidase variant and/or biologi-
cally active recombinant beta-xylosidase variant fragment

5

10

15

20

25

30

35

40

45

50

55

60

65

14

comprising at least one amino acid sequence comprising at
least about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% sequence identity to
SEQ ID NO:2 and comprising at least one mutation at
position 31, 108, 115, 209, 211, 219, 235, 280, 320, 322,
345, 347, 379, 449, 499, 571, 572, 761, 763, and/or 798,
wherein the positions are numbered with reference to SEQ
1D NO:2.

2. The recombinant beta-xylosidase variant and/or bio-
logically active recombinant beta-xylosidase variant frag-
ment of Embodiment 1, comprising at least one amino acid
sequence comprising at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%,
at least about 91%, at least about 92%, at least about 93%,
at least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99%
sequence identity to SEQ ID NO:2 and comprising at least
one mutation at position P31, S108, [L115, V209, S211,
N219, V235, M280, G320, G322, S345, G347, H379, G449,
A499, N571, W572, L761, G763, and/or 1798, wherein the
positions are numbered with reference to SEQ ID NO:2.

3. The recombinant beta-xylosidase variant and/or bio-
logically active recombinant beta-xylosidase variant frag-
ment of Embodiment 1, comprising at least one amino acid
sequence comprising at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%,
at least about 91%, at least about 92%, at least about 93%,
at least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99%
sequence identity to SEQ ID NO:2 and comprising at least
one mutation at position P31G, S108A, L1151, V2091,
S211A, N219Y, V2351, V2351, M280L, G320A, G322A,
S345L, G347Q, H379Y, G449N, A499S, A499K, N571G,
WS572Y, L7611, G763P, and/or 1798V, wherein the positions
are numbered with reference to SEQ ID NO:2.

4. The recombinant beta-xylosidase variant and/or bio-
logically active recombinant beta-xylosidase variant frag-
ment of Embodiment 1, comprising at least one amino acid
sequence comprising at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%,
at least about 91%, at least about 92%, at least about 93%,
at least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99%
sequence identity to SEQ ID NO:2, wherein said amino acid
sequence comprises SEQ ID NO:5, 7, 9, 11, 13, 15, 17, 19,
21, 23, 25,27, 29, 31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51,
53, and/or 55.

5. The recombinant beta-xylosidase variant or biologi-
cally active beta-xylosidase variant fragment of Embodi-
ment 1, wherein said beta-xylosidase variant is a Mycelio-
phthora thermophila beta-xylosidase variant.

6. An enzyme composition comprising at least one beta-
xylosidase variant and/or at least one biologically active
beta-xylosidase variant fragment of any of Embodiments
1-4.

7. The enzyme composition of Embodiment 6, further
comprising at least one additional enzyme.

8. The enzyme composition of Embodiment 6 and/or 7,
further comprising one or more enzymes selected from
cellulases, hemicellulases, xylanases, amylases, glucoamy-
lases, proteases, esterases, and lipases.

9. The enzyme composition of any of Embodiments 6-8,
further comprising one or more enzyme(s) selected from
endoglucanases (EG), -glucosidases (BGL), Type 1 cello-
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biohydrolases (CBH1), Type 2 cellobiohydrolases (CBH2),
GHG61 enzymes, and/or xylanases.

10. A recombinant organism comprising at least one
beta-xylosidase variant and/or at least one biologically
active beta-xylosidase variant fragment of any of Embodi-
ments 1-4.

11. A recombinant fungal organism comprising at least
one polynucleotide comprising at least one nucleic acid
sequence encoding at least one beta-xylosidase variant and/
or at least one biologically active fragment of any of
Embodiments 1-4, and/or at least one polynucleotide that
hybridizes under stringent hybridization conditions to the
polynucleotide and/or a complement of a polynucleotide that
encodes a polypeptide comprising the amino acid sequence
provided in any of Embodiments 1-4.

12. The polynucleotide of Embodiment 11, wherein said
polynucleotide comprises a sequence that has least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99%
identity to SEQ ID NOS:1, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,
and/or 54.

13. A recombinant nucleic acid construct comprising at
least one polynucleotide sequence, wherein the polynucle-
otide is selected from:

(a) a polynucleotide that encodes a polypeptide compris-
ing an amino acid sequence comprising at least 70%, at least
75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identity to SEQ ID NO:
2,3,5,7,9,11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33,
35,37, 39, 41, 43, 45, 47, 49, 51, 53, and/or 55;

(b) a polynucleotide that hybridizes under stringent
hybridization conditions to at least a fragment of a poly-
nucleotide that encodes a polypeptide comprising the amino
acid sequence of SEQ ID NO: 2,3, 5,7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53, and/or 55; and/or

(c) a polynucleotide that hybridizes under stringent
hybridization conditions to the complement of at least a
fragment of a polynucleotide that encodes a polypeptide
comprising the amino acid sequence of SEQ ID NO: 2, 3, 5,
7,9,11,13,15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, and/or 55.

14. The recombinant nucleic acid construct of Embodi-
ment 13, wherein the polynucleotide sequence is at least
70%, at least 75%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical to
SEQIDNO:1, 4, 6, 8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, and/or 54.

15. The nucleic acid construct of Embodiment 13 and/or
14, wherein the polynucleotide sequence is operably linked
to a promoter.

16. The nucleic acid construct of Embodiment 15,
wherein said promoter is a heterologous promoter.

17. The nucleic acid construct of any of Embodiments
13-16, wherein said nucleic acid sequence is operably linked
to at least one additional regulatory sequence.

18. A recombinant host cell that expresses at least one
polynucleotide sequence encoding at least one beta-xylosi-
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dase variant and/or at least one biologically active beta-
xylosidase fragment of any of Embodiments 1-14.

19. The recombinant host cell of Embodiment 18, wherein
said host cell comprises at least one nucleic acid construct as
provided in any of Embodiments 13-16.

20. The recombinant host cell of Embodiment 18 or 19,
wherein said host cell comprises at least one polypeptide
sequence set forth in SEQ ID NO: 5,7, 9, 11, 13, 15, 17, 19,
21, 23, 25,27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51,
53, and/or 55.

21. The recombinant host cell of any of Embodiments
18-20, wherein said host cell comprises at least one poly-
nucleotide sequence set forth in SEQ ID NO: 1, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42,
44, 46, 48, 50, 52, and/or 54.

22. The recombinant host cell of any of Embodiments
18-21, wherein at least beta-xylosidase variant and/or at
least one biologically active beta-xylosidase fragment is
produced by said cell.

23. The recombinant host cell of Embodiment 22, wherein
at least one beta-xylosidase variant and/or at least one
biologically active beta-xylosidase fragment is secreted
from the host cell.

24. The recombinant host cell of any of Embodiments
18-23, wherein said host cell further produces at least one
enzyme selected from endoglucanases (EG), f-glucosidases
(BGL), Type 1 cellobiohydrolases (CBH1), Type 2 cello-
biohydrolases (CBH2), GH61 enzymes, and xylanases.

25. The recombinant host cell of any of Embodiments
18-24, wherein said cell produces at least two recombinant
cellulases.

26. The recombinant host cell of any of Embodiments
18-25, wherein said cell produces at least three, at least four,
or at least five recombinant cellulases.

27. The recombinant cell of any of Embodiments 18-26,
wherein said cell is a prokaryotic or eukaryotic cell.

28. The recombinant host cell of Embodiment 27, wherein
said cell is a yeast cell or filamentous fungal cell.

29. The recombinant host cell of Embodiment 27 or 28,
wherein the filamentous fungal cell is a Myceliophthora, a
Thielavia, a Trichoderma, or an Aspergillus cell.

30. The recombinant host cell of any of Embodiments
18-28, wherein said cell is selected from Saccharomyces and
Myceliophthora.

31. The recombinant host cell of Embodiment 30, wherein
the filamentous fungal cell is a Myceliophthora thermophila.

32. The recombinant host cell of Embodiment 30, wherein
the yeast cell is Saccharomyces cerevisiae.

33. A method for producing at least one fermentable sugar
from a feedstock, comprising contacting the feedstock with
at least one enzyme composition according to any of
Embodiments 6 to 9, under culture conditions whereby
fermentable sugars are produced.

34. The method of Embodiment 33, wherein the enzyme
composition further comprises at least one enzyme selected
from endoglucanases (EG), f-glucosidases (BGL), Type 1
cellobiohydrolases (CBH1), Type 2 cellobiohydrolases
(CBH2), GH61 enzymes, and xylanases.

35. The method of Embodiment 33, wherein said at least
one enzyme is a recombinant enzyme.

36. The method of any of Embodiments 33-35, further
comprising pretreating the feedstock prior to said contact-
ing.

37. The method of any of Embodiments 33 to 36, wherein
the feedstock comprises wheat grass, wheat straw, barley
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straw, sorghum, rice grass, sugarcane, sugar beet, bagasse,
switchgrass, corn stover, corn fiber, grains, or a combination
thereof.

38. The method of any of Embodiments 33 to 37, wherein
the fermentable sugar comprises glucose and/or xylose.

39. The method of any of Embodiments 33 to 37, further
comprising recovering at least one fermentable sugar.

40. The method of any of Embodiments 33 to 39, further
comprising contacting the at least one fermentable sugar
with a microorganism under conditions such that said micro-
organism produces at least one fermentation end product.

41. The method of Embodiment 40, wherein said fermen-
tation end product is selected from alcohols, fatty acids,
lactic acid, acetic acid, 3-hydroxypropionic acid, acrylic
acid, succinic acid, citric acid, malic acid, fumaric acid,
succinic acid, amino acids, 1,3-propanediol, ethylene, glyc-
erol, and p-lactams.

42. The method of Embodiment 41, wherein said fermen-
tation product is an alcohol selected from ethanol and
butanol.

43. The method of Embodiment 42, wherein said alcohol
is ethanol.

44. The method of any of Embodiments 33-43, wherein
the feedstock is a cellulosic and/or lignocellulosic feedstock.

45. A method of producing an end product from a feed-
stock, comprising:

a) contacting the feedstock with at least one enzyme
composition according to any of Embodiments 6 to 9,
under conditions whereby at least one fermentable
sugar is produced from the substrate; and

b) contacting the fermentable sugar with a microorganism
under conditions such that the microorganism uses the
fermentable sugar to produce an end-product.

46. The method of Embodiment 45, wherein the method
comprises a simultaneous saccharification and fermentation
reactions (SSF).

47. The method of Embodiment 45, wherein the method
comprises separate saccharification and fermentation reac-
tions (SHF).

48. The method of any of Embodiments 45 to 47, wherein
the feedstock is a cellulosic and/or lignocellulosic feedstock.

49. A method of producing a fermentation end product
from a feedstock, comprising:

a) obtaining at least one fermentable sugar produced

according to the method of any of Embodiments 33 to
48; and

b) contacting the fermentable sugar with a microorganism
in a fermentation to produce at least one fermentation
end product.

50. The method of Embodiment 49, wherein said fermen-
tation end product is selected from alcohols, fatty acids,
lactic acid, acetic acid, 3-hydroxypropionic acid, acrylic
acid, succinic acid, citric acid, malic acid, fumaric acid,
succinic acid, amino acids, 1,3-propanediol, ethylene, glyc-
erol, and p-lactams.

51. The method of Embodiment 49 and/or 50, wherein
said fermentation end product is at least one alcohol selected
from ethanol and butanol.

52. The method of any of Embodiments 49 to 51, wherein
the microorganism is a yeast.

53. The method of any of Embodiments 49 to 52, further
comprising recovering the fermentation end product.

54. A method for producing at least one fermentable sugar
from a feedstock, comprising contacting the feedstock with
at least one recombinant beta xylosidase and/or biologically
active beta xylosidase fragment of Embodiment 1 and/or the
recombinant host cell set forth in any of Embodiments 14 to
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28, and/or the enzyme composition provided in Embodi-
ments 6-9, under culture conditions whereby fermentable
sugars are produced.

55. The method of Embodiment 54, wherein the enzyme
composition and/or recombinant host cell further comprises
at least one enzyme selected from endoglucanases (EG),
p-glucosidases (BGL), Type 1 cellobiohydrolases (CBH1),
Type 2 cellobiohydrolases (CBH2), GH61s, and xylanases.

56. The method of Embodiment 55, wherein said at least
one enzyme is a recombinant enzyme.

57. The method of Embodiment 55 and/or 56, wherein
said at least one enzyme is a heterologous enzyme.

58. The method of any of Embodiments 54-57, further
comprising pretreating the feedstock prior to said contact-
ing.

59. The method of any of Embodiments 54 to 58, wherein
the feedstock comprises wheat grass, wheat straw, barley
straw, sorghum, rice grass, sugarcane, sugar beet, bagasse,
switchgrass, corn stover, corn fiber, grains, or a combination
thereof.

60. The method of any of Embodiments 54 to 59, wherein
the fermentable sugar comprises glucose and/or xylose.

61. The method of any of Embodiments 54 to 60, further
comprising recovering at least one fermentable sugar.

62. The method of any of Embodiments 54 to 61, further
comprising contacting the at least one fermentable sugar
with a microorganism under conditions such that said micro-
organism produces at least one fermentation end product.

63. The method of Embodiment 62, wherein said fermen-
tation end product is selected from alcohols, fatty acids,
lactic acid, acetic acid, 3-hydroxypropionic acid, acrylic
acid, succinic acid, citric acid, malic acid, fumaric acid,
succinic acid, amino acids, 1,3-propanediol, ethylene, glyc-
erol, and f-lactams.

64. The method of Embodiment 63, wherein said fermen-
tation product is an alcohol selected from ethanol and
butanol.

65. The method of Embodiment 64, wherein said alcohol
is ethanol.

66. The method of any of Embodiments 54-65, wherein
the feedstock is a cellulosic and/or lignocellulosic feedstock.

67. A method of producing an end product from a feed-
stock, comprising:

a) contacting the feedstock with at least one recombinant
beta-xylosidase and/or at least one biologically active
beta-xylosidase fragment of Embodiment 1 and/or the
recombinant host cell set forth in any of Embodiments
18 to 32, under conditions whereby at least one fer-
mentable sugar is produced from the substrate; and

b) contacting the fermentable sugar with a microorganism
under conditions such that the microorganism uses the
fermentable sugar to produce an end-product.

68. The method of Embodiment 67, wherein the recom-
binant organism and/or recombinant host cell further com-
prises at least one enzyme selected from endoglucanases
(EG), p-glucosidases (BGL), Type 1 cellobiohydrolases
(CBH1), Type 2 cellobiohydrolases (CBH2), GH61
enzymes, and xylanases.

69. The method of Embodiment 68, wherein said at least
one enzyme is a recombinant enzyme.

70. The method of Embodiment 68 and/or 69, wherein
said at least one enzyme is a heterologous enzyme.

71. The method of any of Embodiment 67-70, wherein the
method comprises a simultaneous saccharification and fer-
mentation reactions (SSF).
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72. The method of any of Embodiments 67-70, wherein
the method comprises separate saccharification and fermen-
tation reactions (SHF).

73. The method of any of Embodiments 67 to 72, wherein
the feedstock is a cellulosic and/or lignocellulosic feedstock.

74. A method of producing a fermentation end product
from a feedstock, comprising:

a) obtaining at least one fermentable sugar produced
according to the method of any of Embodiments 67-73;
and

b) contacting the fermentable sugar with a microorganism
in a fermentation to produce at least one fermentation
end product.

75. The method of Embodiment 74, wherein said fermen-
tation end product is selected from alcohols, fatty acids,
lactic acid, acetic acid, 3-hydroxypropionic acid, acrylic
acid, succinic acid, citric acid, malic acid, fumaric acid,
succinic acid, amino acids, 1,3-propanediol, ethylene, glyc-
erol, and p-lactams.

76. The method of Embodiment 74 and/or 75, wherein
said fermentation end product is at least one alcohol selected
from ethanol and butanol.

77. The method of any of Embodiments 74 to 76, wherein
the microorganism is a yeast.

78. The method of any of Embodiments 74-77, further
comprising recovering the fermentation end product.

DESCRIPTION OF THE DRAWINGS

FIG. 1 provides a map of pYTSEC72-trc.

FIG. 2 provides a map of pC1DX10PhR.

FIG. 3 provides a graph showing the relative thermosta-
bilities of some beta-xylosidase variants.

FIG. 4 provides a graph showing relative thermoactivities
of some beta-xylosidase variants as compared to XOS.

FIG. 5 provides a graph showing that some thermostable
beta-xylosidase variants provide improve xylose yields in
saccharification reactions.

DESCRIPTION OF THE INVENTION

The present invention provides beta-xylosidase variant
enzymes suitable for use in saccharification reactions. The
present application further provides genetically modified
fungal organisms that produce beta-xylosidase variants, as
well as enzyme mixtures exhibiting enhanced hydrolysis of
cellulosic material to fermentable sugars, enzyme mixtures
produced by the genetically modified fungal organisms, and
methods for producing fermentable sugars from cellulose
using such enzyme mixtures.

All patents and publications, including all sequences
disclosed within such patents and publications, referred to
herein are expressly incorporated by reference. Unless oth-
erwise indicated, the practice of the present invention
involves conventional techniques commonly used in
molecular biology, fermentation, microbiology, and related
fields, which are known to those of skill in the art. Unless
defined otherwise herein, all technical and scientific terms
used herein have the same meaning as commonly under-
stood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the present invention, the some
methods and materials are described herein. Indeed, it is
intended that the present invention not be limited to the
particular methodology, protocols, and reagents described
herein, as these may vary, depending upon the context in
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which they are used. The headings provided herein are not
limitations of the various aspects or embodiments of the
present invention. Nonetheless, in order to facilitate under-
standing of the present invention, a number of terms are
defined below. Numeric ranges are inclusive of the numbers
defining the range. Thus, every numerical range disclosed
herein is intended to encompass every narrower numerical
range that falls within such broader numerical range, as if
such narrower numerical ranges were all expressly written
herein. It is also intended that every maximum (or mini-
mum) numerical limitation disclosed herein includes every
lower (or higher) numerical limitation, as if such lower (or
higher) numerical limitations were expressly written herein.

As used herein, the term “comprising” and its cognates
are used in their inclusive sense (i.e., equivalent to the term
“including” and its corresponding cognates).

As used herein and in the appended claims, the singular
a”, “an” and “the” include the plural reference unless the
context clearly dictates otherwise. Thus, for example, ref-
erence to a “host cell” includes a plurality of such host cells.

Unless otherwise indicated, nucleic acids are written left
to right in 5' to 3' orientation; amino acid sequences are
written left to right in amino to carboxy orientation, respec-
tively. The headings provided herein are not limitations of
the various aspects or embodiments of the invention that can
be had by reference to the specification as a whole. Accord-
ingly, the terms defined below are more fully defined by
reference to the specification as a whole.

As used herein, the terms “isolated” and “purified” are
used to refer to a molecule (e.g., an isolated nucleic acid,
polypeptide, etc.) or other component that is removed from
at least one other component with which it is naturally
associated.

As used herein, “polynucleotide” refers to a polymer of
deoxyribonucleotides or ribonucleotides in either single- or
double-stranded form, and complements thereof.

As used herein, the term “cellulase” refers to any enzyme
that is capable of degrading cellulose. Thus, the term encom-
passes enzymes capable of hydrolyzing cellulose ($-1,4-
glucan or f-D-glucosidic linkages) to shorter cellulose
chains, oligosaccharides, cellobiose and/or glucose. “Cellu-
lases” are divided into three sub-categories of enzymes:
1,4-p-D-glucan glucanohydrolase (“endoglucanase” or
“EG”™); 1,4-p-D-glucan cellobiohydrolase (“exoglucanase,”
“cellobiohydrolase,” or “CBH”); and p-D-glucoside-gluco-
hydrolase (“p-glucosidase,” “cellobiase,” “BG,” or “BGL”).
These enzymes act in concert to catalyze the hydrolysis of
cellulose-containing substrates. Endoglucanases break inter-
nal bonds and disrupt the crystalline structure of cellulose,
exposing individual cellulose polysaccharide chains (“glu-
cans”). Cellobiohydrolases incrementally shorten the glucan
molecules, releasing mainly cellobiose units (a water-
soluble f-1,4-linked dimer of glucose) as well as glucose,
cellotriose, and cellotetrose. p-glucosidases split the cello-
biose into glucose monomers.

As used herein, the term “wild-type” refers to naturally-
occurring organisms, enzymes and/or other proteins (e.g.,
non-recombinant enzymes).

As used herein, the terms “enzyme variant” and “variant
enzyme” are used in reference to enzymes that are similar to
a reference enzyme, particularly in their function, but have
mutations in their amino acid sequence that make them
different in sequence from the wild-type or another reference
enzyme. Enzyme variants can be made by a wide variety of
different mutagenesis techniques well known to those skilled
in the art. In addition, mutagenesis kits are also available
from many commercial molecular biology suppliers. Meth-
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ods are available to make specific substitutions at defined
amino acids (site-directed), specific or random mutations in
a localized region of the gene (regio-specific) or random
mutagenesis over the entire gene (e.g., saturation mutagen-
esis). Numerous suitable methods are known to those in the
art to generate enzyme variants, including but not limited to
site-directed mutagenesis of single-stranded DNA or
double-stranded DNA using PCR, cassette mutagenesis,
gene synthesis, error-prone PCR, shuffling, and chemical
saturation mutagenesis, or any other suitable method known
in the art. After the variants are produced, they can be
screened for the desired property (e.g., high or increased; or
low or reduced activity, increased thermal and/or alkaline
stability, etc.). In some embodiments, “variant xylosidases”
(also referred to as “variant xylosidase enzymes” and “xylo-
sidase variants”) find use. These variants are similar to a
reference enzyme (e.g., wild-type xylosidase), particularly
in their function, but have mutations in their amino acid
sequence that make them different in sequence from the
wild-type or another reference (e.g., another variant) xylo-
sidase.

As used herein, “combinatorial variant” refers to any
variant that has a combination of two or more mutations
(e.g., substitutions). In some embodiments, the combination
of mutations results in changes in enzyme activity (e.g.,
improved thermostability, improved thermoactivity,
improved specific activity, etc.). In some embodiments,
combinatorial variant xylosidases find use.

The terms “improved” or “improved properties,” as used
in the context of describing the properties of a beta-xylosi-
dase (e.g., beta-xylosidase variants), refers to a beta-xylo-
sidase polypeptide that exhibits an improvement in a prop-
erty or properties as compared to another beta-xylosidase
and/or a specified reference polypeptide. Improved proper-
ties include, but are not limited to such properties as
increased protein expression, increased thermoactivity,
increased thermostability, increased pH activity, increased
stability (e.g., increased pH stability), increased product
specificity, increased specific activity, increased substrate
specificity, increased resistance to substrate or end-product
inhibition, increased chemical stability, reduced inhibition
by glucose, increased resistance to inhibitors (e.g., acetic
acid, lectins, tannic acids, and phenolic compounds), and
altered pH/temperature profile.

As used herein, the phrase “improved thermoactivity” or
“increased thermoactivity” refers to an enzyme displaying
an increase, relative to a reference enzyme, in the amount of
beta-xylosidase enzymatic activity (e.g., substrate hydroly-
sis) in a specified time under specified reaction conditions,
for example, elevated temperature. Exemplary methods for
measuring beta-xylosidase activity are provided in the
Examples herein. In addition, cells expressing and secreting
the recombinant proteins can be cultured under the same
conditions and the beta-xylosidase activity per volume cul-
ture medium can be compared.

As used herein, the term “improved thermostability” or
“increased thermostability” refers to an enzyme displaying
an increase in “residual activity” relative to a reference
enzyme. Residual activity is determined by (1) exposing the
test enzyme or reference enzyme to stress conditions of
elevated temperature, optionally at lowered pH, for a period
of time and then determining beta-xylosidase activity; (2)
exposing the test enzyme or reference enzyme to unstressed
conditions for the same period of time and then determining
beta-xylosidase activity; and (3) calculating residual activity
as the ratio of activity obtained under stress conditions (1)
over the activity obtained under unstressed conditions (2).
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For example, the beta-xylosidase activity of the enzyme
exposed to stress conditions (“a”) is compared to that of a
control in which the enzyme is not exposed to the stress
conditions (“b”), and residual activity is equal to the ratio
a/b. An enzyme with increased thermostability will have
greater residual activity than the reference enzyme. In some
embodiments, the enzymes are exposed to stress conditions
of' 55° C. at pH 5.0 for 1 hr, but other cultivation conditions,
such as conditions described herein, can be used. Exemplary
methods for measuring residual beta-xylosidase activity are
provided in the Examples herein.

As used herein, the terms “endoglucanase” and “EG”
refer to a category of cellulases (EC 3.2.1.4) that catalyze the
hydrolysis of internal p-1,4 glucosidic bonds of cellulose.

As used herein, “EG1” refers to a carbohydrate active
enzyme expressed from a nucleic acid sequence coding for
a glycohydrolase (GH) Family 7 catalytic domain classified
under EC 3.2.1.4 or any protein, polypeptide or catalytically
active fragment thereof. In some embodiments, the EG1 is
functionally linked to a carbohydrate binding module
(CBM), such as a Family 1 cellulose binding domain. As
used herein, the term “EG1b polypeptide” refers to a poly-
peptide comprising EG1b activity.

As used herein, the term “EG2” refers to a carbohydrate
active enzyme expressed from a nucleic acid sequence
coding for a glycohydrolase (GH) Family 5 catalytic domain
classified under EC 3.2.1.4 or any protein, polypeptide or
catalytically active fragment thereof. In some embodiments,
the EG2 is functionally linked to a carbohydrate binding
module (CBM), such as a Family 1 cellulose binding
domain.

As used herein, the term “EG3” refers to a carbohydrate
active enzyme expressed from a nucleic acid sequence
coding for a glycohydrolase (GH) Family 12 catalytic
domain classified under EC 3.2.1.4 or any protein, polypep-
tide or catalytically active fragment therecof. In some
embodiments, the EG3 is functionally linked to a carbohy-
drate binding module (CBM), such as a Family 1 cellulose
binding domain.

As used herein, the term “EG4” refers to a carbohydrate
active enzyme expressed from a nucleic acid sequence
coding for a glycohydrolase (GH) Family 61 catalytic
domain classified under EC 3.2.1.4 or any protein, polypep-
tide or fragment thereof. In some embodiments, the EG4 is
functionally linked to a carbohydrate binding module
(CBM), such as a Family 1 cellulose binding domain.

As used herein, the term “EGS” refers to a carbohydrate
active enzyme expressed from a nucleic acid sequence
coding for a glycohydrolase (GH) Family 45 catalytic
domain classified under EC 3.2.1.4 or any protein, polypep-
tide or fragment thereof. In some embodiments, the EGS5 is
functionally linked to a carbohydrate binding module
(CBM), such as a Family 1 cellulose binding domain.

As used herein, the term “EG6” refers to a carbohydrate
active enzyme expressed from a nucleic acid sequence
coding for a glycohydrolase (GH) Family 6 catalytic domain
classified under EC 3.2.1.4 or any protein, polypeptide or
fragment thereof. In some embodiments, the EG6 is func-
tionally linked to a carbohydrate binding module (CBM),
such as a Family 1 cellulose binding domain.

As used herein, the terms “cellobiohydrolase” and “CBH”
refer to a category of cellulases (EC 3.2.1.91) that hydrolyze
glycosidic bonds in cellulose.

As used herein, the terms “CBH1” and “type 1 cellobio-
hydrolase” refer to a carbohydrate active enzyme expressed
from a nucleic acid sequence coding for a glycohydrolase
(GH) Family 7 catalytic domain classified under EC 3.2.1.91
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or any protein, polypeptide or catalytically active fragment
thereof. In some embodiments, the CBH1 is functionally
linked to a carbohydrate binding module (CBM), such as a
Family 1 cellulose binding domain.

As used herein, the terms “CBH2” and “type 2 cellobio-
hydrolase” refer to a carbohydrate active enzyme expressed
from a nucleic sequence coding for a glycohydrolase (GH)
Family 6 catalytic domain classified under EC 3.2.1.91 or
any protein, polypeptide or catalytically active fragment
thereof. Type 2 cellobiohydrolases are also commonly
referred to as “the Cel6 family.” The CBH2 may be func-
tionally linked to a carbohydrate binding module (CBM),
such as a Family 1 cellulose binding domain.

As used herein, the terms “f-glucosidase,” “cellobiase,”
and “BGL” refers to a category of cellulases (EC 3.2.1.21)
that catalyze the hydrolysis of cellobiose to glucose.

As used herein, the term “glycoside hydrolase 61” and
“GH61” refers to a category of cellulases that enhance
cellulose hydrolysis when used in conjunction with one or
more additional cellulases. The GH61 family of cellulases is
described, for example, in the Carbohydrate Active Enzymes
(CAZY) database (See e.g., Harris et al., Biochem., 49(15):
3305-16 [2010]).

A “hemicellulase” as used herein, refers to a polypeptide
that can catalyze hydrolysis of hemicellulose into small
polysaccharides such as oligosaccharides, or monomeric
saccharides. Hemicelluloses include xylan, glucuonoxylan,
arabinoxylan, glucomannan and xyloglucan. Hemicellulases
include, for example, the following: endoxylanases, b-xy-
losidases, a-L-arabinofuranosidases, a-D-glucuronidases,
feruloyl esterases, coumaroyl esterases, a-galactosidases,
b-galactosidases, b-mannanases, and b-mannosidases. In
some embodiments, the present invention provides enzyme
mixtures that comprise at least one beta-xylosidase variant
and one or more additional hemicellulases.

As used herein, “protease” includes enzymes that hydro-
lyze peptide bonds (peptidases), as well as enzymes that
hydrolyze bonds between peptides and other moieties, such
as sugars (glycopeptidases). Many proteases are character-
ized under EC 3.4, and are suitable for use in the present
invention. Some specific types of proteases include but are
not limited to, cysteine proteases including pepsin, papain
and serine proteases including chymotrypsins, carboxypep-
tidases and metalloendopeptidases. In some embodiments,
the present invention provides at least one variant beta-
xylosidase and at least one protease.

As used herein, “lipase” includes enzymes that hydrolyze
lipids, fatty acids, and acylglycerides, including phospho-
glycerides, lipoproteins, diacylglycerols, and the like. In
plants, lipids are used as structural components to limit
water loss and pathogen infection. These lipids include
waxes derived from fatty acids, as well as cutin and suberin.
In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
lipase

As used herein, the term “xylanase” refers to enzymes
within EC 3.2.1.8, that catalyze the hydrolysis of 1,4-beta-
D-xylans, to cleave polymers or oligomers of xylose-con-
taining xylans or hemicellulose into shorter chains. This
enzyme may also be referred to as endo-1,4-beta-xylanase,
4-beta-D-xylan xylanohydrolase, endo-xylanase, or beta-
xylanase.

As used herein, the term “xylanase polynucleotide” refers
to a polynucleotide encoding a polypeptide comprising
beta-xylanase activity.
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As used herein, the term “xylanase activity” refers to the
enzymatic activity of xylanase (i.e., hydrolyzing a cellulose-
containing substrate).

As used herein, the term “xylosidase” refers to a group of
enzymes that catalyze the hydrolysis of alpha- or beta-
xylosidic linkages. Enzymes in class EC 3.2.1.8 catalyze the
endo-hydrolysis of 1,4-beta-D-xylosidic linkages; while
those in class EC 3.2.1.32 catalyze the endo-hydrolysis of
1,3-beta-D-xylosidic linkages; those in class EC 3.2.1.37
catalyze the exo-hydrolysis of 1,4-beta-D-linkages from the
non-reducing termini of xylans; and those in class EC
3.2.1.72 catalyze the exo-hydrolysis of 1,3-beta-D-linkages
from the non-reducing termini of xylans. Additional xylo-
sidases have been identified that catalyze the hydrolysis of
alpha-xylosidic bonds. As used herein, the term encom-
passes alpha-xylosidases and beta-xylosidases, as well as
any other enzymes that have xylosidase activity (e.g.,
gamma-xylosidases).

As used herein the term “xylosidase polynucleotide”
refers to a polynucleotide encoding a polypeptide compris-
ing xylosidase activity.

As used herein, the term “xylosidase activity” refers to the
enzymatic activity of xylosidase (i.e., hydrolyzing a cellu-
lose-containing substrate).

As used herein, the term “alpha-xylosidase” refers to
enzymes within EC 3.2.1 that remove the alpha-1,6-linked
xylose residue from xyloglucan. In some embodiments, the
removal of the alpha-1,6-linked xylose residue from xylo-
glucan facilitates the breakdown of xyloglucan to mono-
meric sugars (e.g., glucose and xylose).

As used herein the term “alpha-xylosidase polynucle-
otide” refers to a polynucleotide encoding a polypeptide
comprising alpha-xylosidase activity.

As used herein, the term “alpha-xylosidase activity”
refers to the enzymatic activity of alpha-xylosidase (i.e.,
removing the alpha-1,6-linked xylose residues from xylog-
lucan).

As used herein, the term “beta-xylosidase” refers to
enzymes within EC 3.2.1.37, that catalyze the hydrolysis of
1,4-beta-D-xylans, to remove successive D-xylose residues
from the non-reducing termini. This enzyme may also be
referred to as xylan 1, beta-f-xylosidase, 1,4-beta-D-xylan
xylohydrolase, exo-1,4-beta-xylosidase or xylobiase.

As used herein, the term “beta-xylosidase polynucleotide”
refers to a polynucleotide encoding a polypeptide compris-
ing beta-xylosidase activity.

As used herein, the term “beta-xylosidase activity” refers
to the enzymatic activity of beta-xylosidase (i.e., hydrolyz-
ing a cellulose-containing substrate).

As used herein, in some embodiments, the terms “wild-
type beta-xylosidase polynucleotide,” “wild-type beta-xylo-
sidase DNA,” and “wild-type beta-xylosidase nucleic acid”
refer to SEQ ID NO:1, 56, and/or SEQ ID NO:58.

The terms “protein” and “polypeptide” are used inter-
changeably herein to refer to a polymer of amino acid
residues. In addition, the terms “amino acid” “polypeptide,”
and “peptide” encompass naturally-occurring and synthetic
amino acids, as well as amino acid analogs. Naturally
occurring amino acids are those encoded by the genetic
code, as well as those amino acids that are later modified
(e.g., hydroxyproline, y-carboxyglutamate, and O-phospho-
serine). As used herein, the term “amino acid analogs” refers
to compounds that have the same basic chemical structure as
a naturally occurring amino acid (i.e., an a-carbon that is
bound to a hydrogen, a carboxyl group, an amino group, and
an R group, including but not limited to homoserine, nor-
leucine, methionine sulfoxide, and methionine methyl sul-
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fonium). In some embodiments, these analogs have modified
R groups (e.g., norleucine) and/or modified peptide back-
bones, but retain the same basic chemical structure as a
naturally occurring amino acid.

Amino acids are referred to herein by either their com-
monly known three letter symbols or by the one-letter
symbols recommended by the ITUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be
referred to by their commonly accepted single-letter codes.

An amino acid or nucleotide base “position” is denoted by
a number that sequentially identifies each amino acid (or
nucleotide base) in the reference sequence based on its
position relative to the N-terminus (or 5'-end). Due to
deletions, insertions, truncations, fusions, and the like that
must be taken into account when determining an optimal
alignment, the amino acid residue number in a test sequence
determined by simply counting from the N-terminus will not
necessarily be the same as the number of its corresponding
position in the reference sequence. For example, in a case
where a test sequence has a deletion relative to an aligned
reference sequence, there will be no amino acid in the
variant that corresponds to a position in the reference
sequence at the site of deletion. Where there is an insertion
in an aligned test sequence, that insertion will not corre-
spond to a numbered amino acid position in the reference
sequence. In the case of truncations or fusions there can be
stretches of amino acids in either the reference or aligned
sequence that do not correspond to any amino acid in the
corresponding sequence.

As used herein, the terms “numbered with reference to” or
“corresponding to,” when used in the context of the num-
bering of a given amino acid or polynucleotide sequence,
refers to the numbering of the residues of a specified
reference sequence when the given amino acid or polynucle-
otide sequence is compared to the reference sequence. The
following nomenclature may be used to describe substitu-
tions in a test sequence relative to a reference sequence
polypeptide or nucleic acid sequence: “R-#-V,” where #
refers to the position in the reference sequence, R refers to
the amino acid (or base) at that position in the reference
sequence, and V refers to the amino acid (or base) at that
position in the test sequence. In some embodiments, an
amino acid (or base) may be called “X,” by which is meant
any amino acid (or base).

As used herein, the term “reference enzyme” refers to an
enzyme to which another enzyme of the present invention
(e.g., a “test” enzyme, such as wild-type beta-xylosidase) is
compared in order to determine the presence of an improved
property in the other enzyme being evaluated. In some
embodiments, a reference enzyme is a wild-type enzyme
(e.g., a wild-type beta-xylosidase). In some embodiments,
the reference enzyme is an enzyme to which a test enzyme
of the present invention is compared in order to determine
the presence of an improved property in the test enzyme
being evaluated, including but not limited to improved
thermoactivity, improved thermostability, and/or improved
stability. In some embodiments, a reference enzyme is a
wild-type enzyme (e.g., a wild-type beta-xylosidase).

As used herein, the terms “biologically active fragment”
and “fragment” refer to a polypeptide that has an amino-
terminal and/or carboxy-terminal deletion(s) and/or internal
deletion(s), but where the remaining amino acid sequence is
identical to the corresponding positions in the sequence to
which it is being compared (e.g., a full-length beta-xylosi-
dase variant of the present invention) and that retains
substantially all of the activity of the full-length polypeptide.
In some embodiments, the biologically active fragment is a
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biologically active beta-xylosidase variant fragment. A bio-
logically active fragment can comprise about 60%, about
65%, about 70%, about 75%, about 80%, about 85%, at
about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, or about
99% of a full-length beta-xylosidase variant polypeptide. In
some embodiments, the biologically active fragments com-
prise about 20%, about 21%, about 22%, about 23%, about
24%, about 25%, about 26%, about 27%, about 28%, about
29%, about 30%, about 35%, about 40%, about 45%, about
50%, or about 55% of a full-length beta-xylosidase variant.

As used herein, the term “overexpress” is intended to
encompass increasing the expression of a protein to a level
greater than the cell normally produces. It is intended that
the term encompass overexpression of endogenous, as well
as heterologous proteins.

As used herein, the term “recombinant” refers to a poly-
nucleotide or polypeptide that does not naturally occur in a
host cell. In some embodiments, recombinant molecules
contain two or more naturally-occurring sequences that are
linked together in a way that does not occur naturally. In
some embodiments, “recombinant cells” express genes that
are not found in identical form within the native (i.e.,
non-recombinant) form of the cell and/or express native
genes that are otherwise abnormally over-expressed, under-
expressed, and/or not expressed at all due to deliberate
human intervention. As used herein, “recombinant cells,” as
well as recombinant host cells,” “recombinant microorgan-
isms,” and “recombinant fungal cells,” contain at least one
recombinant polynucleotide or polypeptide.

As used herein, “recombinant” used in reference to a cell
or vector, refers to a cell or vector that has been modified by
the introduction of a heterologous nucleic acid sequence or
that the cell is derived from a cell so modified. Thus, for
example, recombinant cells express genes that are not found
in identical form within the native (non-recombinant) form
of the cell or express native genes that are otherwise
abnormally expressed, under expressed or not expressed at
all as a result of deliberate human intervention. Thus,
“recombinant™ or “engineered” or “non-naturally occurring”
when used with reference to a cell, nucleic acid, or poly-
peptide, refers to a material, or a material corresponding to
the natural or native form of the material, that has been
modified in a manner that would not otherwise exist in
nature, or is identical thereto but produced or derived from
synthetic materials and/or by manipulation using recombi-
nant techniques. Non-limiting examples include, among
others, recombinant cells expressing genes that are not
found within the native (non-recombinant) form of the cell
or express native genes that are otherwise expressed at a
different level. “Recombination,” “recombining” and gen-
erating a “recombined” nucleic acid generally encompass
the assembly of at least two nucleic acid fragments. In some
embodiments, “Recombination,” “recombining,” and gen-
erating a “recombined” nucleic acid also encompass the
assembly of two or more nucleic acid fragments wherein the
assembly gives rise to a chimeric gene.

As used herein, when used with reference to a nucleic acid
or polypeptide, the term “heterologous” refers to a sequence
that is not normally expressed and secreted by an organism
(e.g., a wild-type organism). In some embodiments, the term
encompasses a sequence that comprises two or more sub-
sequences which are not found in the same relationship to
each other as normally found in nature, or is recombinantly
engineered so that its level of expression, or physical rela-
tionship to other nucleic acids or other molecules in a cell,
or structure, is not normally found in nature. For instance, a
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heterologous nucleic acid is typically recombinantly pro-
duced, having two or more sequences from unrelated genes
arranged in a manner not found in nature (e.g., a nucleic acid
open reading frame (ORF) of the invention operatively
linked to a promoter sequence inserted into an expression
cassette, such as a vector).

A nucleic acid construct, nucleic acid (e.g., a polynucle-
otide), polypeptide, or host cell is referred to herein as
“recombinant” when it is non-naturally occurring, artificial
or engineered. The present invention also provides recom-
binant nucleic acid constructs comprising a beta-xylosidase
variant polynucleotide sequence that hybridizes under strin-
gent hybridization conditions to the complement of a poly-
nucleotide which encodes a polypeptide comprising the
amino acid sequence of SEQ ID NO:5, 7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53, and/or 55.

Nucleic acids “hybridize” when they associate, typically
in solution. Nucleic acids hybridize due to a variety of
well-characterized physico-chemical forces, such as hydro-
gen bonding, solvent exclusion, base stacking and the like.
As used herein, the term “stringent hybridization wash
conditions” in the context of nucleic acid hybridization
experiments, such as Southern and Northern hybridizations,
are sequence dependent, and are different under different
environmental parameters. An extensive guide to the hybrid-
ization of nucleic acids is found in Tijssen, 1993, “Labora-
tory Techniques in Biochemistry and Molecular Biology-
Hybridization with Nucleic Acid Probes,” Part 1, Chapter 2
(Elsevier, New York), which is incorporated herein by
reference. For polynucleotides of at least 100 nucleotides in
length, low to very high stringency conditions are defined as
follows: prehybridization and hybridization at 42° C. in
5xSSPE, 0.3% SDS, 200 pg/ml sheared and denatured
salmon sperm DNA, and either 25% formamide for low
stringencies, 35% formamide for medium and medium-high
stringencies, or 50% formamide for high and very high
stringencies, following standard Southern blotting proce-
dures. For polynucleotides of at least 100 nucleotides in
length, the carrier material is finally washed three times each
for 15 minutes using 2xSSC, 0.2% SDS 50° C. (low
stringency), at 55° C. (medium stringency), at 60° C. (me-
dium-high stringency), at 65° C. (high stringency), or at 70°
C. (very high stringency).

As used herein, “identity” or “percent identity,” in the
context of two or more polypeptide sequences, refers to two
or more sequences or subsequences that are the same or have
a specified percentage of amino acid residues that are the
same (e.g., share at least about 70%, at least about 75%, at
least about 80%, at least about 85%, at least about 88%
identity, at least about 89%, at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identity) over
a specified region to a reference sequence, when compared
and aligned for maximum correspondence over a compari-
son window, or designated region as measured using a
sequence comparison algorithms or by manual alignment
and visual inspection.

In some embodiments, the terms “percent identity,” “%
identity”, “percent identical,” and “% identical,” are used
interchangeably herein to refer to the percent amino acid or
polynucleotide sequence identity that is obtained by Clust-
alW analysis (version W 1.8 available from European Bio-
informatics Institute, Cambridge, UK), counting the number
of identical matches in the alignment and dividing such
number of identical matches by the length of the reference
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sequence, and using the following ClustalW parameters to
achieve slow/more accurate pairwise optimal alignments—
DNA/Protein Gap Open Penalty: 15/10; DNA/Protein Gap
Extension Penalty: 6.66/0.1; Protein weight matrix: Gonnet
series; DNA weight matrix: Identity.

As used herein the term “comparison window,” includes
reference to a segment of any one of a number of contiguous
positions from about 20 to about 464 (e.g., about 50 to about
300 contiguous positions, about 50 to 250 contiguous posi-
tions, or also about 100 to about 200 contiguous positions),
in which a sequence may be compared to a reference
sequence of the same number of contiguous positions after
the two sequences are optimally aligned. As noted, in some
embodiments the comparison is between the entire length of
the two sequences, or, if one sequence is a fragment of the
other, the entire length of the shorter of the two sequences.
Optimal alignment of sequences for comparison and deter-
mination of sequence identity can be determined by a
sequence comparison algorithm or by visual inspection, as
well-known in the art. When optimally aligning sequences
and determining sequence identity by visual inspection,
percent sequence identity is calculated as the number of
residues of the test sequence that are identical to the refer-
ence sequence divided by the number of non-gap positions
and multiplied by 100. When using a sequence comparison
algorithm, test and reference sequences are entered into a
computer, subsequence coordinates and sequence algorithm
program parameters are designated. The sequence compari-
son algorithm then calculates the percent sequence identities
for the test sequences relative to the reference sequence,
based on the program parameters.

Two sequences are “aligned” when they are aligned for
similarity scoring using a defined amino acid substitution
matrix (e.g., BLOSUMS62), gap existence penalty and gap
extension penalty so as to arrive at the highest score possible
for that pair of sequences Amino acid substitution matrices
and their use in quantifying the similarity between two
sequences are well known in the art (See, e.g., Dayhoff et al.,
in Dayhoff [ed.], Atlas of Protein Sequence and Structure,”
Vol. 5, Suppl. 3, Natl. Biomed. Res. Round., Washington
D.C. [1978]; pp. 345-352; and Henikoff et al., Proc. Natl.
Acad. Sci. USA, 89:10915-10919 [1992], both of which are
incorporated herein by reference). The BLOSUMG62 matrix
is often used as a default scoring substitution matrix in
sequence alignment protocols such as Gapped BLAST 2.0.
The gap existence penalty is imposed for the introduction of
a single amino acid gap in one of the aligned sequences, and
the gap extension penalty is imposed for each additional
empty amino acid position inserted into an already opened
gap. The alignment is defined by the amino acid position of
each sequence at which the alignment begins and ends, and
optionally by the insertion of a gap or multiple gaps in one
or both sequences so as to arrive at the highest possible
score. While optimal alignment and scoring can be accom-
plished manually, the process is facilitated by the use of a
computer-implemented alignment algorithm (e.g., gapped
BLAST 2.0; See, Altschul et al., Nucleic Acids Res.,
25:3389-3402 [1997], which is incorporated herein by ref-
erence), and made available to the public at the National
Center for Biotechnology Information Website). Optimal
alignments, including multiple alignments can be prepared
using readily available programs such as PSI-BLAST (See
e.g., Altschul et al., supra).

The present invention also provides a recombinant nucleic
acid construct comprising at least one beta-xylosidase vari-
ant polynucleotide sequence that hybridizes under stringent
hybridization conditions to the complement of a polynucle-
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otide which encodes a polypeptide comprising the amino
acid sequence of SEQ ID NO: 5, 7,9, 11, 13, 15,17, 19, 21,
23, 25, 27,29, 31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53,
and/or 55, wherein the polypeptide is capable of catalyzing
the degradation of cellulose.

Two nucleic acid or polypeptide sequences that have
100% sequence identity are said to be “identical.” A nucleic
acid or polypeptide sequence are said to have “substantial
sequence identity” to a reference sequence when the
sequences have at least about 70%, at least about 75%, at
least about 80%, at least about 85%, at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99%,
or greater sequence identity as determined using the meth-
ods described herein, such as BLAST using standard param-
eters.

As used herein, the term “pre-protein” refers to a protein
including an amino-terminal signal peptide (or leader
sequence) region attached. The signal peptide is cleaved
from the pre-protein by a signal peptidase prior to secretion
to result in the “mature” or “secreted” protein.

As used herein, a “vector” is a DNA construct for intro-
ducing a DNA sequence into a cell. In some embodiments,
the vector is an expression vector that is operably linked to
a suitable control sequence capable of effecting the expres-
sion in a suitable host of the polypeptide encoded in the
DNA sequence. An “expression vector” has a promoter
sequence operably linked to the DNA sequence (e.g., trans-
gene) to drive expression in a host cell, and in some
embodiments a transcription terminator sequence.

As used herein, the term “expression” includes any step
involved in the production of the polypeptide including, but
not limited to, transcription, post-transcriptional modifica-
tion, translation, and post-translational modification. In
some embodiments, the term also encompasses secretion of
the polypeptide from a cell.

As used herein, the term “produces” refers to the produc-
tion of proteins and/or other compounds by cells. It is
intended that the term encompass any step involved in the
production of polypeptides including, but not limited to,
transcription, post-transcriptional modification, translation,
and post-translational modification. In some embodiments,
the term also encompasses secretion of the polypeptide from
a cell.

As used herein, the term “operably linked” refers to a
configuration in which a control sequence is appropriately
placed at a position relative to the coding sequence of the
DNA sequence such that the control sequence influences the
expression of a polypeptide.

As used herein, an amino acid or nucleotide sequence
(e.g., a promoter sequence, signal peptide, terminator
sequence, etc.) is “heterologous™ to another sequence with
which it is operably linked if the two sequences are not
associated in nature.

As used herein, the terms “host cell” and “host strain”
refer to suitable hosts for expression vectors comprising
DNA provided herein. In some embodiments, the host cells
are prokaryotic or eukaryotic cells that have been trans-
formed or transfected with vectors constructed using recom-
binant DNA techniques as known in the art. Transformed
hosts are capable of either replicating vectors encoding at
least one protein of interest and/or expressing the desired
protein of interest. In addition, reference to a cell of a
particular strain refers to a parental cell of the strain as well
as progeny and genetically modified derivatives. Genetically
modified derivatives of a parental cell include progeny cells
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that contain a modified genome or episomal plasmids that
confer for example, antibiotic resistance, improved fermen-
tation, etc. In some embodiments, host cells are genetically
modified to have characteristics that improve protein secre-
tion, protein stability or other properties desirable for
expression and/or secretion of a protein. For example,
knockout of Alpl function results in a cell that is protease
deficient. Knockout of pyr5 function results in a cell with a
pyrimidine deficient phenotype. In some embodiments, host
cells are modified to delete endogenous cellulase protein-
encoding sequences or otherwise eliminate expression of
one or more endogenous cellulases. In some embodiments,
expression of one or more endogenous cellulases is inhibited
to increase production of cellulases of interest. Genetic
modification can be achieved by any suitable genetic engi-
neering techniques and/or classical microbiological tech-
niques (e.g., chemical or UV mutagenesis and subsequent
selection). Using recombinant technology, nucleic acid mol-
ecules can be introduced, deleted, inhibited or modified, in
a manner that results in increased yields of beta-xylosidase
variant(s) within the organism or in the culture. For example,
knockout of Alpl function results in a cell that is protease
deficient. Knockout of pyr5 function results in a cell with a
pyrimidine deficient phenotype. In some genetic engineering
approaches, homologous recombination is used to induce
targeted gene modifications by specifically targeting a gene
in vivo to suppress expression of the encoded protein. In an
alternative approach, siRNA, antisense, and/or ribozyme
technology finds use in inhibiting gene expression.

As used herein, the term “introduced” used in the context
of inserting a nucleic acid sequence into a cell, means
transformation, transduction, conjugation, transfection, and/
or any other suitable method(s) known in the art for inserting
nucleic acid sequences into host cells. Any suitable means
for the introduction of nucleic acid into host cells find use in
the present invention.

As used herein, the terms “transformed” and “transfor-
mation” used in reference to a cell refer to a cell that has a
non-native nucleic acid sequence integrated into its genome
or has an episomal plasmid that is maintained through
multiple generations.

As used herein, the term “C1” refers to strains of Myce-
liophthora thermophila, including the fungal strain
described by Garg (See, Garg, Mycopathol., 30: 3-4 [1966]).
As used herein, “Chrysosporium lucknowense” includes the
strains described in U.S. Pat. Nos. 6,015,707, 5,811,381 and
6,573,086; US Pat. Pub. Nos. 2007/0238155, US 2008/
0194005, US 2009/0099079; International Pat. Pub. Nos.,
WO 2008/073914 and WO 98/15633, all of which are
incorporated herein by reference, and include, without limi-
tation, Chrysosporium lucknowense Garg 27K, VKM-F
3500 D (Accession No. VKM F-3500-D), C1 strain UV13-6
(Accession No. VKM F-3632 D), C1 strain NG7C-19 (Ac-
cession No. VKM F-3633 D), and C1 strain UV18-25 (VKM
F-3631 D), all of which have been deposited at the All-
Russian Collection of Microorganisms of Russian Academy
of Sciences (VKM), Bakhurhina St. 8, Moscow, Russia,
113184, and any derivatives thereof. Although initially
described as Chrysosporium lucknowense, C1 may currently
be considered a strain of Myceliophthora thermophila. Other
C1 strains include cells deposited under accession numbers
ATCC 44006, CBS (Centraalbureau voor Schimmelcul-
tures) 122188, CBS 251.72, CBS 143.77, CBS 272.77,
CBS122190, CBS122189, and VKM F-3500D. Exemplary
C1 derivatives include modified organisms in which one or
more endogenous genes or sequences have been deleted or
modified and/or one or more heterologous genes or
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sequences have been introduced. Derivatives include, but
are not limited to UV18#100f Aalpl, UV18#100f ApyrS
Aalpl, UV18#100.f Aalpl Apep4 Aalp2, UV18#100.f Apyr5
AalplApep4 Aalp2 and UV18#100.f Apyrd Apyr5 Aalpl
Apep4 Aalp2, as described in WO2008073914 and
W02010107303, each of which is incorporated herein by
reference.

As used herein, the terms “improved thermoactivity” and
“increased thermoactivity” refer to an enzyme (e.g., a “test”
enzyme of interest) displaying an increase, relative to a
reference enzyme, in the amount of enzymatic activity (e.g.,
substrate hydrolysis) in a specified time under specified
reaction conditions, for example, elevated temperature.

As used herein, the terms “improved thermostability” and
“increased thermostability” refer to an enzyme (e.g., a “test”
enzyme of interest) displaying an increase in “residual
activity” relative to a reference enzyme. Residual activity is
determined by (1) exposing the test enzyme or reference
enzyme to stress conditions of elevated temperature, option-
ally at lowered pH, for a period of time and then determining
beta-xylosidase activity; (2) exposing the test enzyme or
reference enzyme to unstressed conditions for the same
period of time and then determining beta-xylosidase activ-
ity; and (3) calculating residual activity as the ratio of
activity obtained under stress conditions (1) over the activity
obtained under unstressed conditions (2). For example, the
beta-xylosidase activity of the enzyme exposed to stress
conditions (“a”) is compared to that of a control in which the
enzyme is not exposed to the stress conditions (“b”), and
residual activity is equal to the ratio a/b. A test enzyme with
increased thermostability will have greater residual activity
than the reference enzyme. In some embodiments, the
enzymes are exposed to stress conditions of 55° C. at pH 5.0
for 1 hr, but other cultivation conditions can be used.

As used herein, the term “culturing” refers to growing a
population of microbial cells under suitable conditions in a
liquid or solid medium.

As used herein, the term “saccharification” refers to the
process in which substrates (e.g., cellulosic biomass) are
broken down via the action of cellulases to produce fer-
mentable sugars (e.g. monosaccharides such as but not
limited to glucose).

As used herein, the term “fermentable sugars™ refers to
simple sugars (e.g., monosaccharides, disaccharides and
short oligosaccharides), including but not limited to glucose,
xylose, galactose, arabinose, mannose and sucrose. Indeed,
a fermentable sugar is any sugar that a microorganism can
utilize or ferment.

As used herein the term “soluble sugars” refers to water-
soluble hexose monomers and oligomers of up to about six
monomer units.

As used herein, the term “fermentation” is used broadly to
refer to the cultivation of a microorganism or a culture of
microorganisms that use simple sugars, such as fermentable
sugars, as an energy source to obtain a desired product.

As used herein, the term “feedstock” refers to any mate-
rial that is suitable for use in production of an end product.
It is intended that the term encompass any material suitable
for use in saccharification reactions. In some embodiments,
the term encompasses material obtained from nature that is
in an unprocessed or minimally processed state, although it
is not intended that the term be limited to these embodi-
ments. In some embodiments, the term encompasses bio-
mass and biomass substrates comprising any suitable com-
positions for use in production of fermentable sugars. In
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some embodiments, the feedstock is “pre-treated” before
and/or while it is being used as a substrate in a saccharifi-
cation reaction.

The terms “biomass,” and “biomass substrate,” encom-
pass any suitable materials for use in saccharification reac-
tions. The terms encompass, but are not limited to materials
that comprise cellulose (i.e., “cellulosic biomass,” “cellu-
losic feedstock,” and “cellulosic substrate™). Biomass can be
derived from plants, animals, or microorganisms, and may
include, but is not limited to agricultural, industrial, and
forestry residues, industrial and municipal wastes, and ter-
restrial and aquatic crops grown for energy purposes.
Examples of biomass substrates include, but are not limited
to, wood, wood pulp, paper pulp, corn fiber, corn grain, corn
cobs, crop residues such as corn husks, corn stover, grasses,
wheat, wheat straw, barley, barley straw, hay, rice, rice straw,
switchgrass, waste paper, paper and pulp processing waste,
woody or herbaceous plants, fruit or vegetable pulp, distill-
ers grain, grasses, rice hulls, cotton, hemp, flax, sisal, sugar
cane bagasse, sorghum, soy, switchgrass, components
obtained from milling of grains, trees, branches, roots,
leaves, tops, wood chips, sawdust, shrubs, bushes, seed
pods, vegetables, fruits, and flowers and any suitable mix-
tures thereof. In some embodiments, the biomass comprises,
but is not limited to cultivated crops (e.g., grasses, including
C4 grasses, such as switch grass, cord grass, rye grass,
miscanthus, reed canary grass, or any combination thereof),
sugar processing residues, for example, but not limited to,
bagasse (e.g., sugar cane bagasse, beet pulp [e.g., sugar
beet], or a combination thereof), agricultural residues (e.g.,
soybean stover, corn stover, corn fiber, rice straw, sugar cane
straw, rice, rice hulls, barley straw, corn cobs, wheat straw,
canola straw, oat straw, oat hulls, corn fiber, hemp, flax,
sisal, cotton, tops, stems, leaves, seed pods, fruit pods, or
any combination thereot), fruit pulp, vegetable pulp, distill-
ers’ grains, forestry biomass (e.g., wood, wood pulp, paper
pulp, recycled wood pulp fiber, sawdust, hardwood, such as
aspen wood, softwood, or a combination thereof). Further-
more, in some embodiments, the biomass comprises cellu-
losic waste material and/or forestry waste materials, includ-
ing but not limited to, paper and pulp processing waste,
municipal paper waste, newsprint, cardboard and the like. In
some embodiments, biomass comprises one species of fiber,
while in some alternative embodiments, the biomass com-
prises a mixture of fibers that originate from different
biomasses. In some embodiments, the biomass may also
comprise transgenic plants that express ligninase and/or
cellulase enzymes (See e.g., US 2008/0104724 Al).

A biomass substrate is said to be “pretreated” when it has
been processed by some physical and/or chemical means to
facilitate saccharification. As described further herein, in
some embodiments, the biomass substrate is “pretreated,” or
treated using methods known in the art, such as chemical
pretreatment (e g., ammonia pretreatment, dilute acid pre-
treatment, dilute alkali pretreatment, or solvent exposure),
physical pretreatment (e.g., steam explosion or irradiation),
mechanical pretreatment (e.g., grinding or milling) and
biological pretreatment (e.g., application of lignin-solubiliz-
ing microorganisms) and combinations thereof, to increase
the susceptibility of cellulose to hydrolysis. Thus, the term
“biomass” encompasses any living or dead biological mate-
rial that contains a polysaccharide substrate, including but
not limited to cellulose, starch, other forms of long-chain
carbohydrate polymers, and mixtures of such sources. It may
or may not be assembled entirely or primarily from glucose
or xylose, and may optionally also contain various other
pentose or hexose monomers. Xylose is an aldopentose
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containing five carbon atoms and an aldehyde group. It is the
precursor to hemicellulose, and is often a main constituent
of biomass. In some embodiments, the substrate is slurried
prior to pretreatment. In some embodiments, the consistency
of the slurry is between about 2% and about 30% and more
typically between about 4% and about 15%. In some
embodiments, the slurry is subjected to a water and/or acid
soaking operation prior to pretreatment. In some embodi-
ments, the slurry is dewatered using any suitable method to
reduce steam and chemical usage prior to pretreatment.
Examples of dewatering devices include, but are not limited
to pressurized screw presses (See e.g., WO 2010/022511,
incorporated herein by reference) pressurized filters and
extruders.

In some embodiments, the pretreatment is carried out to
hydrolyze hemicellulose, and/or a portion thereof present in
the cellulosic substrate to monomeric pentose and hexose
sugars (e.g., xylose, arabinose, mannose, galactose, and/or
any combination thereof). In some embodiments, the pre-
treatment is carried out so that nearly complete hydrolysis of
the hemicellulose and a small amount of conversion of
cellulose to glucose occurs. In some embodiments, an acid
concentration in the aqueous slurry from about 0.02% (w/w)
to about 2% (w/w), or any amount therebetween, is typically
used for the treatment of the cellulosic substrate. Any
suitable acid finds use in these methods, including but not
limited to, hydrochloric acid, nitric acid, and/or sulfuric
acid. In some embodiments, the acid used during pretreat-
ment is sulfuric acid. Steam explosion is one method of
performing acid pretreatment of biomass substrates (See
e.g., U.S. Pat. No. 4,461,648). Another method of pretreat-
ing the slurry involves continuous pretreatment (i.e., the
cellulosic biomass is pumped though a reactor continu-
ously). This methods are well-known to those skilled in the
art (See e.g., U.S. Pat. No. 7,754,457).

In some embodiments, alkali is used in the pretreatment.
In contrast to acid pretreatment, pretreatment with alkali
may not hydrolyze the hemicellulose component of the
biomass. Rather, the alkali reacts with acidic groups present
on the hemicellulose to open up the surface of the substrate.
In some embodiments, the addition of alkali alters the crystal
structure of the cellulose so that it is more amenable to
hydrolysis. Examples of alkali that find use in the pretreat-
ment include, but are not limited to ammonia, ammonium
hydroxide, potassium hydroxide, and sodium hydroxide.
One method of alkali pretreatment is Ammonia Freeze
Explosion, Ammonia Fiber Explosion or Ammonia Fiber
Expansion (“AFEX” process; See e.g., U.S. Pat. Nos. 5,171,
592; 5,037,663; 4,600,590; 6,106,888; 4,356,196; 5,939,
544; 6,176,176; 5,037,663 and 5,171,592). During this pro-
cess, the cellulosic substrate is contacted with ammonia or
ammonium hydroxide in a pressure vessel for a sufficient
time to enable the ammonia or ammonium hydroxide to alter
the crystal structure of the cellulose fibers. The pressure is
then rapidly reduced, which allows the ammonia to flash or
boil and explode the cellulose fiber structure. In some
embodiments, the flashed ammonia is then recovered using
methods known in the art. In some alternative methods,
dilute ammonia pretreatment is utilized. The dilute ammonia
pretreatment method utilizes more dilute solutions of ammo-
nia or ammonium hydroxide than AFEX (See e.g., WO2009/
045651 and US 2007/0031953). This pretreatment process
may or may not produce any monosaccharides.

An additional pretreatment process for use in the present
invention includes chemical treatment of the cellulosic sub-
strate with organic solvents, in methods such as those
utilizing organic liquids in pretreatment systems (See e.g.,
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U.S. Pat. No. 4,556,430; incorporated herein by reference).
These methods have the advantage that the low boiling point
liquids easily can be recovered and reused. Other pretreat-
ments, such as the Organosolv™ process, also use organic
liquids (See e.g., U.S. Pat. No. 7,465,791, which is also
incorporated herein by reference). Subjecting the substrate
to pressurized water may also be a suitable pretreatment
method (See e.g., Weil et al. (1997) Appl. Biochem. Bio-
technol., 68(1-2): 21-40 [1997], which is incorporated
herein by reference). In some embodiments, the pretreated
cellulosic biomass is processed after pretreatment by any of
several steps, such as dilution with water, washing with
water, buffering, filtration, or centrifugation, or any combi-
nation of these processes, prior to enzymatic hydrolysis, as
is familiar to those skilled in the art. The pretreatment
produces a pretreated feedstock composition (e.g., a “pre-
treated feedstock slurry”) that contains a soluble component
including the sugars resulting from hydrolysis of the hemi-
cellulose, optionally acetic acid and other inhibitors, and
solids including unhydrolyzed feedstock and lignin. In some
embodiments, the soluble components of the pretreated
feedstock composition are separated from the solids to
produce a soluble fraction. In some embodiments, the
soluble fraction, including the sugars released during pre-
treatment and other soluble components (e.g., inhibitors), is
then sent to fermentation. However, in some embodiments in
which the hemicellulose is not effectively hydrolyzed during
the pretreatment one or more additional steps are included
(e.g., a further hydrolysis step(s) and/or enzymatic treatment
step(s) and/or further alkali and/or acid treatment) to pro-
duce fermentable sugars. In some embodiments, the sepa-
ration is carried out by washing the pretreated feedstock
composition with an aqueous solution to produce a wash
stream and a solids stream comprising the unhydrolyzed,
pretreated feedstock. Alternatively, the soluble component is
separated from the solids by subjecting the pretreated feed-
stock composition to a solids-liquid separation, using any
suitable method (e.g., centrifugation, microfiltration, plate
and frame filtration, cross-flow filtration, pressure filtration,
vacuum filtration, etc.). Optionally, in some embodiments, a
washing step is incorporated into the solids-liquids separa-
tion. In some embodiments, the separated solids containing
cellulose, then undergo enzymatic hydrolysis with cellulase
enzymes in order to convert the cellulose to glucose. In some
embodiments, the pretreated feedstock composition is fed
into the fermentation process without separation of the
solids contained therein. In some embodiments, the unhy-
drolyzed solids are subjected to enzymatic hydrolysis with
cellulase enzymes to convert the cellulose to glucose after
the fermentation process. In some embodiments, the pre-
treated cellulosic feedstock is subjected to enzymatic hydro-
lysis with cellulase enzymes.

As used herein, the term “lignocellulosic biomass™ refers
to any plant biomass comprising cellulose and hemicellu-
lose, bound to lignin. In some embodiments, the biomass
may optionally be pretreated to increase the susceptibility of
cellulose to hydrolysis by chemical, physical and biological
pretreatments (such as steam explosion, pulping, grinding,
acid hydrolysis, solvent exposure, and the like, as well as
combinations thereof). Various lignocellulosic feedstocks
find use, including those that comprise fresh lignocellulosic
feedstock, partially dried lignocellulosic feedstock, fully
dried lignocellulosic feedstock, and/or any combination
thereof. In some embodiments, lignocellulosic feedstocks
comprise cellulose in an amount greater than about 20%,
more preferably greater than about 30%, more preferably
greater than about 40% (w/w). For example, in some
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embodiments, the lignocellulosic material comprises from
about 20% to about 90% (w/w) cellulose, or any amount
therebetween, although in some embodiments, the lignocel-
Iulosic material comprises less than about 19%, less than
about 18%, less than about 17%, less than about 16%, less
than about 15%, less than about 14%, less than about 13%,
less than about 12%, less than about 11%, less than about
10%, less than about 9%, less than about 8%, less than about
7%, less than about 6%, or less than about 5% cellulose
(w/w). Furthermore, in some embodiments, the lignocellu-
losic feedstock comprises lignin in an amount greater than
about 10%, more typically in an amount greater than about
15% (w/w). In some embodiments, the lignocellulosic feed-
stock comprises small amounts of sucrose, fructose and/or
starch. The lignocellulosic feedstock is generally first sub-
jected to size reduction by methods including, but not
limited to, milling, grinding, agitation, shredding, compres-
sion/expansion, or other types of mechanical action. Size
reduction by mechanical action can be performed by any
type of equipment adapted for the purpose, for example, but
not limited to, hammer mills, tub-grinders, roll presses,
refiners and hydrapulpers. In some embodiments, at least
90% by weight of the particles produced from the size
reduction have lengths less than between about %is and
about 4 in (the measurement may be a volume or a weight
average length). In some embodiments, the equipment used
to reduce the particle size reduction is a hammer mill or
shredder. Subsequent to size reduction, the feedstock is
typically slurried in water, as this facilitates pumping of the
feedstock. In some embodiments, lignocellulosic feedstocks
of particle size less than about 6 inches do not require size
reduction.

As used herein, the term “lignocellulosic feedstock™
refers to any type of lignocellulosic biomass that is suitable
for use as feedstock in saccharification reactions.

As used herein, the term “pretreated lignocellulosic feed-
stock,” refers to lignocellulosic feedstocks that have been
subjected to physical and/or chemical processes to make the
fiber more accessible and/or receptive to the actions of
cellulolytic enzymes, as described above.

As used herein, the term “recovered” refers to the har-
vesting, isolating, collecting, or recovering of protein from
a cell and/or culture medium. In the context of saccharifi-
cation, it is used in reference to the harvesting of ferment-
able sugars produced during the saccharification reaction
from the culture medium and/or cells. In the context of
fermentation, it is used in reference to harvesting the fer-
mentation product from the culture medium and/or cells.
Thus, a process can be said to comprise “recovering” a
product of a reaction (such as a soluble sugar recovered from
saccharification) if the process includes separating the prod-
uct from other components of a reaction mixture subsequent
to at least some of the product being generated in the
reaction.

As used herein, the term “slurry” refers to an aqueous
solution in which are dispersed one or more solid compo-
nents, such as a cellulosic substrate.

As used herein, “increasing” the yield of a product (such
as a fermentable sugar) from a reaction occurs when a
particular component of interest is present during the reac-
tion (e.g., beta-xylosidase) causes more product to be pro-
duced, compared with a reaction conducted under the same
conditions with the same substrate and other substituents,
but in the absence of the component of interest (e.g., without
beta-xylosidase).

As used herein, a reaction is said to be “substantially free”
of a particular enzyme if the amount of that enzyme com-
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pared with other enzymes that participate in catalyzing the
reaction is less than about 2%, about 1%, or about 0.1%
(wt/wt).

As used herein, “fractionating” a liquid (e.g., a culture
broth) means applying a separation process (e.g., salt pre-
cipitation, column chromatography, size exclusion, and fil-
tration) or a combination of such processes to provide a
solution in which a desired protein (such as beta-xylosidase,
a cellulase enzyme, and/or a combination thereof) comprises
a greater percentage of total protein in the solution than in
the initial liquid product.

As used herein, the term “enzymatic hydrolysis”, refers to
a process comprising at least one cellulases and at least one
glycosidase enzyme and/or a mixture glycosidases that act
on polysaccharides, (e.g., cellulose), to convert all or a
portion thereof to fermentable sugars. “Hydrolyzing™ cellu-
lose or other polysaccharide occurs when at least some of the
glycosidic bonds between two monosaccharides present in
the substrate are hydrolyzed, thereby detaching from each
other the two monomers that were previously bonded.

It is intended that the enzymatic hydrolysis be carried out
with any suitable type of cellulase enzymes capable of
hydrolyzing the cellulose to glucose, regardless of their
source, including those obtained from fungi, such as
Trichoderma spp., Aspergillus spp., Hypocrea spp., Humi-
cola spp., Neurospora spp., Orpinomyces spp., Gibberella
spp., Emericella spp., Chaetomium spp., Chrysosporium
spp., Fusarium spp., Penicillium spp., Magnaporthe spp.,
Phanerochaete spp., Trametes spp., Lentinula edodes, Gleo-
phyllum trabeiu, Ophiostoma piliferum, Corpinus cinereus,
Geomyces pannovum, Cryptococcus laurentii, Aureoba-
sidium pullulans, Amorphotheca resinae, Leucosporidium
scotti, Cunninghamella elegans, Thermomyces lanuginosus,
Myceliopthora thermophila, and Sporotrichum thermophile,
as well as those obtained from bacteria of the genera
Bacillus, Thermomyces, Clostridium, Streptomyces and
Thermobifida. Cellulase compositions typically comprise
one or more cellobiohydrolase, endoglucanase, and beta-
glucosidase enzymes. In some cases, the cellulase compo-
sitions additionally contain hemicellulases, esterases, swol-
lenins, cips, etc. Many of these enzymes are readily
commercially available.

In some embodiments, the enzymatic hydrolysis is carried
out at a pH and temperature that is at or near the optimum
for the cellulase enzymes being used. For example, the
enzymatic hydrolysis may be carried out at about 30° C. to
about 75° C., or any suitable temperature therebetween, for
example a temperature of about 30° C., about 35° C., about
40° C., about 45° C., about 50° C., about 55° C., about 60°
C., about 65° C., about 70° C., about 75° C., or any
temperature therebetween, and a pH of about 3.5 to about
7.5, or any pH therebetween (e.g., about 3.5, about 4.0,
about 4.5, about 5.0, about 5.5, about 6.0, about 6.5, about
7.0, about 7.5, or any suitable pH therebetween). In some
embodiments, the initial concentration of cellulose, prior to
the start of enzymatic hydrolysis, is preferably about 0.1%
(w/w) to about 20% (w/w), or any suitable amount therebe-
tween (e.g., about 0.1%, about 0.5%, about 1%, about 2%,
about 4%, about 6%, about 8%, about 10%, about 12%,
about 14%, about 15%, about 18%, about 20%, or any
suitable amount therebetween.) In some embodiments, the
combined dosage of all cellulase enzymes is about 0.001 to
about 100 mg protein per gram cellulose, or any suitable
amount therebetween (e.g., about 0.001, about 0.01, about
0.1, about 1, about 5, about 10, about 15, about 20, about 25,
about 30, about 40, about 50, about 60, about 70, about 80,
about 90, about 100 mg protein per gram cellulose or any
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amount therebetween. The enzymatic hydrolysis is carried
out for any suitable time period. In some embodiments, the
enzymatic hydrolysis is carried out for a time period of about
0.5 hours to about 200 hours, or any time therebetween (e.g.,
about 2 hours to about 100 hours, or any suitable time
therebetween). For example, in some embodiments, it is
carried out for about 0.5, about 1, about 2, about 5, about 7,
about 10, about 12, about 14, about 15, about 20, about 25,
about 30, about 35, about 40, about 45, about 50, about 55,
about 60, about 65, about 70, about 75, about 80, about 85,
about 90, about 95, about 100, about 120, about 140, about
160, about 180, about 200, or any suitable time therebe-
tween.)

In some embodiments, the enzymatic hydrolysis is batch
hydrolysis, continuous hydrolysis, and/or a combination
thereof. In some embodiments, the hydrolysis is agitated,
unmixed, or a combination thereof. The enzymatic hydro-
lysis is typically carried out in a hydrolysis reactor. The
cellulase enzyme composition is added to the pretreated
lignocellulosic substrate prior to, during, or after the addi-
tion of the substrate to the hydrolysis reactor. Indeed it is not
intended that reaction conditions be limited to those pro-
vided herein, as modifications are well-within the knowl-
edge of those skilled in the art. In some embodiments,
following cellulose hydrolysis, any insoluble solids present
in the resulting lignocellulosic hydrolysate, including but
not limited to lignin, are removed using conventional solid-
liquid separation techniques prior to any further processing.
In some embodiments, these solids are burned to provide
energy for the entire process.

As used herein, the term “by-product” refers to an organic
molecule that is an undesired product of a particular process
(e.g., saccharification).

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides beta-xylosidase variant
enzymes suitable for use in saccharification reactions. The
present application further provides genetically modified
fungal organisms that produce beta-xylosidase variants, as
well as enzyme mixtures exhibiting enhanced hydrolysis of
cellulosic material to fermentable sugars, enzyme mixtures
produced by the genetically modified fungal organisms, and
methods for producing fermentable sugars from cellulose
using such enzyme mixtures.

In some embodiments, the present invention provides
methods and compositions suitable for use in the degrada-
tion of cellulose. In some additional embodiments, the
present invention provides beta-xylosidase variant enzymes
suitable for use in saccharification reactions to hydrolyze
cellulose components in biomass feedstock. In some addi-
tional embodiments, the beta-xylosidase variant enzymes
are used in combination with additional enzymes, including
but not limited to EGla, Eglb, EG2, EG3, EGS, EG6,
cellobiohydrolase(s), GH61 enzymes, etc., in saccharifica-
tion reactions.

Fungi, bacteria, and other organisms produce a variety of
cellulases and other enzymes that act in concert to catalyze
decrystallization and hydrolysis of cellulose to yield fer-
mentable sugars. One such fungus is M. thermophila, which
is described herein. Cellulases of interest include the variant
beta-xylosidase enzymes provided herein. The variant beta-
xylosidase sequences provided herein are particularly useful
for the production of fermentable sugars from cellulosic
biomass. In some embodiments, the present invention pro-
vides methods of generating fermentable sugars from cel-
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Iulosic biomass, by contacting the biomass with a cellulase
composition comprising at least one variant beta-xylosidase
described herein under conditions suitable for the production
of fermentable sugars

For example, mutagenesis and directed evolution methods
can be readily applied to polynucleotides to generate variant
libraries that can be expressed, screened, and assayed.
Mutagenesis and directed evolution methods are well known
in the art (See e.g., U.S. Pat. Nos. 5,605,793, 5,830,721,

6,132,970, 6,420,175, 6,277,638, 6,365,408, 6,602,986,
7,288,375, 6,287,861, 6,297,053, 6,576,467, 6,444,468,
5,811,238, 6,117,679, 6,165,793, 6,180,406, 6,291,242,
6,995,017, 6,395,547, 6,506,602, 6,519,065, 6,506,603,
6,413,774, 6,573,098, 6,323,030, 6,344,356, 6,372,497,
7,868,138, 5,834,252, 5,928,905, 6,489,146, 6,096,548,
6,387,702, 6,391,552, 6,358,742, 6,482,647, 6,335,160,
6,653,072, 6,355,484, 6,03,344, 6,319,713, 6,613,514,
6,455,253, 6,579,678, 6,586,182, 6,406,855, 6,946,296,
7,534,564, 7,776,598, 5,837,458, 6,391,640, 6,309,883,
7,105,297, 7,795,030, 6,326,204, 6,251,674, 6,716,631,
6,528,311, 6,287,862, 6,335,198, 6,352,859, 6,379,964,
7,148,054, 7,629,170, 7,620,500, 6,365,377, 6,358,740,
6,406,910, 6,413,745, 6,436,675, 6,961,664, 7,430,477,
7,873,499, 7,702,464, 7,783,428, 7,747,391, 7,747,393,
7,751,986, 6,376,246, 6,426,224, 6,423,542, 6,479,652,
6,319,714, 6,521,453, 6,368,861, 7,421,347, 7,058,515,

7,024,312, 7,620,502, 7,853,410, 7,957,912, 7,904,249, and
all related non-US counterparts; Ling et al., Anal. Biochem.,
254(2):157-78 [1997]; Dale et al., Meth. Mol. Biol., 57:369-
74 [1996]; Smith, Ann. Rev. Genet., 19:423-462 [1985];
Botstein et al., Science, 229:1193-1201 [1985]; Carter, Bio-
chem. J., 237:1-7 [1986]; Kramer et al., Cell, 38:879-887
[1984]; Wells et al., Gene, 34:315-323 [1985]; Minshull et
al., Curr. Op. Chem. Biol., 3:284-290 [1999]; Christians et
al., Nat. Biotechnol., 17:259-264 [1999]; Crameri et al.,
Nature, 391:288-291 [1998]; Crameri, et al., Nat. Biotech-
nol., 15:436-438 [1997]; Zhang et al., Proc. Nat. Acad. Sci.
U.S.A., 94:4504-4509 [1997]; Crameri et al., Nat. Biotech-
nol., 14:315-319 [1996]; Stemmer, Nature, 370:389-391
[1994]; Stemmer, Proc. Nat. Acad. Sci. USA, 91:10747-
10751 [1994]; WO 95/22625; WO 97/0078; WO 97/35966;
WO 98/27230; WO 00/42651; WO 01/75767; and WO
2009/152336, all of which are incorporated herein by ref-
erence).

Beta-xylosidase activity and thermostability of the vari-
ants can be determined by methods described in the
Examples, and/or using other suitable assay methods known
in the art (e.g., the PAHBAH kit [Megazyme] and/or HPLC).
Additional methods of xylose or xylobiose quantification
include, but are not limited chromatographic methods (e.g.,
HPLC; See e.g., U.S. Pat. Nos. 6,090,595 and 7,419,809,
both of which are incorporated by reference in their entire-
ties).

The present invention provides beta-xylosidase variants
suitable for use in saccharification reactions. In some
embodiments, the present invention provides methods and
compositions suitable for use in the degradation of cellulose
and/or hemicellulose. In some additional embodiments, the
present invention provides variant beta-xylosidase enzymes
suitable for use in saccharification reactions to hydrolyze
cellulose components in biomass feedstock. In some addi-
tional embodiments, the variant beta-xylosidase(s) are used
in combination with additional enzymes, including but not
limited to at least one EG (e.g., EGlb, EGla, EG2, EG3,
EG4, EGS, and/or EG6), cellobiohydrolase, GH61, and/or
beta-glucosidases, etc., in saccharification reactions.
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Fungi, bacteria, and other organisms produce a variety of
cellulases and other enzymes that act in concert to catalyze
decrystallization and hydrolysis of cellulose to yield fer-
mentable sugars. One such fungus is M. thermophila, which
is described herein. The variant beta-xylosidase sequences
provided herein are particularly useful for the production of
fermentable sugars from cellulosic biomass and other feed-
stocks. In some additional embodiments, the present inven-
tion provides methods for generating fermentable sugars
from biomass, involving contacting the biomass with a
cellulase composition comprising at least one beta-xylosi-
dase variant as described herein, under conditions suitable
for the production of fermentable sugars.

In some embodiments, the variant beta-xylosidases of the
present invention further comprise additional sequences
which do not alter the encoded activity of the enzyme. For
example, in some embodiments, the variant beta-xylosidases
are linked to an epitope tag or to another sequence useful in
purification.

In some embodiments, the variant beta-xylosidase poly-
peptides of the present invention are secreted from the host
cell in which they are expressed (e.g., a yeast or filamentous
fungal host cell) and are expressed as a pre-protein including
a signal peptide (i.e., an amino acid sequence linked to the
amino terminus of a polypeptide and which directs the
encoded polypeptide into the cell secretory pathway). In
some embodiments, the signal peptide is an endogenous M.
thermophila beta-xylosidase signal peptide. In some other
embodiments, signal peptides from other M. thermophila
secreted proteins are used. In some embodiments, other
signal peptides find use, depending on the host cell and other
factors. Effective signal peptide coding regions for filamen-
tous fungal host cells include, but are not limited to, the
signal peptide coding regions obtained from Aspergillus
oryzae TAKA amylase, Aspergillus niger neutral amylase,
Aspergillus niger glucoamylase, Rhizomucor miehei aspartic
proteinase, Humicola insolens cellulase, Humicola lanugi-
nosa lipase, and 1. reesei cellobiohydrolase II. Signal pep-
tide coding regions for bacterial host cells include, but are
not limited to the signal peptide coding regions obtained
from the genes for Bacillus NCIB 11837 maltogenic amy-
lase, Bacillus stearothermophilus alpha-amylase, Bacillus
licheniformis subtilisin, Bacillus licheniformis p-lactamase,
Bacillus stearothermophilus neutral proteases (nprT, nprS,
nprM), and Bacillus subtilis prsA. In some additional
embodiments, other signal peptides find use in the present
invention (See e.g., Simonen and Palva, Microbiol. Rev., 57:
109-137 [1993], incorporated herein by reference). Addi-
tional useful signal peptides for yeast host cells include
those from the genes for Saccharomyces cerevisiae alpha-
factor, Saccharomyces cerevisiae SUC2 invertase (See e.g.,
Taussig and Carlson, Nucl. Acids Res., 11:1943-54 [1983];
SwissProt Accession No. P00724; and Romanos et al., Yeast
8:423-488 [1992]). In some embodiments, variants of these
signal peptides and other signal peptides find use. Indeed, it
is not intended that the present invention be limited to any
specific signal peptide, as any suitable signal peptide known
in the art finds use in the present invention.

In some embodiments, the present invention provides
polynucleotides encoding variant beta-xylosidase polypep-
tides, and/or biologically active fragments thereof, as
described herein. In some embodiments, the polynucleotide
is operably linked to one or more heterologous regulatory or
control sequences that control gene expression to create a
recombinant polynucleotide capable of expressing the poly-
peptide. In some embodiments, expression constructs con-
taining a heterologous polynucleotide encoding a variant
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beta-xylosidase is introduced into appropriate host cells to
express the variant beta-xylosidase.

Those of ordinary skill in the art understand that due to the
degeneracy of the genetic code, a multitude of nucleotide
sequences encoding variant beta-xylosidase polypeptides of
the present invention exist. For example, the codons AGA,
AGG, CGA, CGC, CGG, and CGU all encode the amino
acid arginine. Thus, at every position in the nucleic acids of
the invention where an arginine is specified by a codon, the
codon can be altered to any of the corresponding codons
described above without altering the encoded polypeptide. It
is understood that “U” in an RNA sequence corresponds to
“T” in a DNA sequence. The invention contemplates and
provides each and every possible variation of nucleic acid
sequence encoding a polypeptide of the invention that could
be made by selecting combinations based on possible codon
choices.

A DNA sequence may also be designed for high codon
usage bias codons (codons that are used at higher frequency
in the protein coding regions than other codons that code for
the same amino acid). The preferred codons may be deter-
mined in relation to codon usage in a single gene, a set of
genes of common function or origin, highly expressed
genes, the codon frequency in the aggregate protein coding
regions of the whole organism, codon frequency in the
aggregate protein coding regions of related organisms, or
combinations thereof. A codon whose frequency increases
with the level of gene expression is typically an optimal
codon for expression. In particular, a DNA sequence can be
optimized for expression in a particular host organism. A
variety of methods are well-known in the art for determining
the codon frequency (e.g., codon usage, relative synony-
mous codon usage) and codon preference in specific organ-
isms, including multivariate analysis (e.g., using cluster
analysis or correspondence analysis) and the effective num-
ber of codons used in a gene. The data source for obtaining
codon usage may rely on any available nucleotide sequence
capable of coding for a protein. These data sets include
nucleic acid sequences actually known to encode expressed
proteins (e.g., complete protein coding sequences-CDS),
expressed sequence tags (ESTs), or predicted coding regions
of genomic sequences, as is well-known in the art. Poly-
nucleotides encoding variant beta-xylosidases can be pre-
pared using any suitable methods known in the art. Typi-
cally, oligonucleotides are individually synthesized, then
joined (e.g., by enzymatic or chemical ligation methods, or
polymerase-mediated methods) to form essentially any
desired continuous sequence. In some embodiments, poly-
nucleotides of the present invention are prepared by chemi-
cal synthesis using, any suitable methods known in the art,
including but not limited to automated synthetic methods.
For example, in the phosphoramidite method, oligonucle-
otides are synthesized (e.g., in an automatic DNA synthe-
sizer), purified, annealed, ligated and cloned in appropriate
vectors. In some embodiments, double stranded DNA frag-
ments are then obtained either by synthesizing the comple-
mentary strand and annealing the strands together under
appropriate conditions, or by adding the complementary
strand using DNA polymerase with an appropriate primer
sequence. There are numerous general and standard texts
that provide methods useful in the present invention are well
known to those skilled in the art.

The present invention also provides recombinant con-
structs comprising a sequence encoding at least one variant
beta-xylosidase, as provided herein. In some embodiments,
the present invention provides an expression vector com-
prising a variant beta-xylosidase polynucleotide operably
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linked to a heterologous promoter. In some embodiments,
expression vectors of the present invention are used to
transform appropriate host cells to permit the host cells to
express the variant beta-xylosidase protein. Methods for
recombinant expression of proteins in fungi and other organ-
isms are well known in the art, and a number expression
vectors are available or can be constructed using routine
methods. In some embodiments, nucleic acid constructs of
the present invention comprise a vector, such as, a plasmid,
a cosmid, a phage, a virus, a bacterial artificial chromosome
(BAC), a yeast artificial chromosome (YAC), and the like,
into which a nucleic acid sequence of the invention has been
inserted. In some embodiments, polynucleotides of the pres-
ent invention are incorporated into any one of a variety of
expression vectors suitable for expressing variant beta-
xylosidase polypeptide(s). Suitable vectors include, but are
not limited to chromosomal, nonchromosomal and synthetic
DNA sequences (e.g., derivatives of SV40), as well as
bacterial plasmids, phage DNA, baculovirus, yeast plas-
mids, vectors derived from combinations of plasmids and
phage DNA, viral DNA such as vaccinia, adenovirus, fowl
pox virus, pseudorabies, adenovirus, adeno-associated virus,
retroviruses, and many others. Any suitable vector that
transduces genetic material into a cell, and, if replication is
desired, which is replicable and viable in the relevant host
finds use in the present invention. In some embodiments, the
construct further comprises regulatory sequences, including
but not limited to a promoter, operably linked to the protein
encoding sequence. Large numbers of suitable vectors and
promoters are known to those of skill in the art. Indeed, in
some embodiments, in order to obtain high levels of expres-
sion in a particular host it is often useful to express the
variant beta-xylosidases of the present invention under the
control of a heterologous promoter. In some embodiments,
a promoter sequence is operably linked to the 5' region of the
variant beta-xylosidase coding sequence using any suitable
method known in the art. Examples of useful promoters for
expression of variant beta-xylosidases include, but are not
limited to promoters from fungi. In some embodiments, a
promoter sequence that drives expression of a gene other
than a beta-xylosidase gene in a fungal strain finds use. As
a non-limiting example, a fungal promoter from a gene
encoding an endoglucanase may be used. In some embodi-
ments, a promoter sequence that drives the expression of a
beta-xylosidase gene in a fungal strain other than the fungal
strain from which the beta-xylosidases were derived finds
use. Examples of other suitable promoters useful for direct-
ing the transcription of the nucleotide constructs of the
present invention in a filamentous fungal host cell include,
but are not limited to promoters obtained from the genes for
Aspergillus oryzae TAKA amylase, Rhizomucor miehei
aspartic proteinase, Aspergillus niger neutral alpha-amylase,
Aspergillus niger acid stable alpha-amylase, Aspergillus
niger or Aspergillus awamori glucoamylase (glaA), Rhizo-
mucor miehei lipase, Aspergillus oryzae alkaline protease,
Aspergillus oryzae triose phosphate isomerase, Aspergillus
nidulans acetamidase, and Fusarium oxysporum trypsin-like
protease (See e.g., WO 96/00787, incorporated herein by
reference), as well as the NA2-tpi promoter (a hybrid of the
promoters from the genes for Aspergillus niger neutral
alpha-amylase and Aspergillus oryzae triose phosphate
isomerase), promoters such as cbhl, cbh2, egll, egl2, pepA,
hib1, hfb2, xynl, amy, and glaA (See e.g., Nunberg et al.,
Mol. Cell Biol., 4:2306-2315 [1984]; Boel et al., EMBO J.
3:1581-85 [1984]; and European Patent Appin. 137280, all
of which are incorporated herein by reference), and mutant,
truncated, and hybrid promoters thereof. In a yeast host,
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useful promoters include, but are not limited to those from
the genes for Saccharomyces cerevisiae enolase (eno-1),
Saccharomyces cerevisiae galactokinase (gall), Saccharo-
myces cerevisiae alcohol dehydrogenase/glyceraldehyde-3-
phosphate dehydrogenase (ADH2/GAP), and S. cerevisiae
3-phosphoglycerate kinase. Additional useful promoters
useful for yeast host cells are known in the art (See e.g.,
Romanos et al., Yeast 8:423-488 [1992], incorporated herein
by reference). In addition, promoters associated with chiti-
nase production in fungi find use in the present invention
(See e.g., Blaiseau and Lafay, Gene 120243-248 [1992]; and
Limon et al., Curr. Genet, 28:478-83 [1995], both of which
are incorporated herein by reference).

In some embodiments, cloned variant beta-xylosidases of
the present invention also have a suitable transcription
terminator sequence, a sequence recognized by a host cell to
terminate transcription. The terminator sequence is operably
linked to the 3' terminus of the nucleic acid sequence
encoding the polypeptide. Any terminator that is functional
in the host cell of choice finds use in the present invention.
Exemplary transcription terminators for filamentous fungal
host cells include, but are not limited to those obtained from
the genes for Aspergillus oryzae TAKA amylase, Aspergillus
niger glucoamylase, Aspergillus nidulans anthranilate syn-
thase, Aspergillus niger alpha-glucosidase, and Fusarium
oxysporum trypsin-like protease (See also, U.S. Pat. No.
7,399,627, incorporated herein by reference). In some
embodiments, exemplary terminators for yeast host cells
include those obtained from the genes for Saccharomyces
cerevisiae enolase, Saccharomyces cerevisiae cytochrome C
(CYC1), and Saccharomyces cerevisiae glyceraldehyde-3-
phosphate dehydrogenase. Other useful terminators for yeast
host cells are well-known to those skilled in the art (See e.g.,
Romanos et al., Yeast 8:423-88 [1992]).

In some embodiments, a suitable leader sequence is part
of a cloned variant beta-xylosidase sequence, which is a
nontranslated region of an mRNA that is important for
translation by the host cell. The leader sequence is operably
linked to the 5' terminus of the nucleic acid sequence
encoding the polypeptide. Any leader sequence that is func-
tional in the host cell of choice finds use in the present
invention. Exemplary leaders for filamentous fungal host
cells include, but are not limited to those obtained from the
genes for Aspergillus oryzae TAK A amylase and Aspergillus
nidulans triose phosphate isomerase. Suitable leaders for
yeast host cells include, but are not limited to those obtained
from the genes for Saccharomyces cerevisiae enolase (ENO-
1), Saccharomyces cerevisiae 3-phosphoglycerate kinase,
Saccharomyces cerevisiae alpha-factor, and Saccharomyces
cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phos-
phate dehydrogenase (ADH2/GAP).

In some embodiments, the sequences of the present inven-
tion also comprise a polyadenylation sequence, which is a
sequence operably linked to the 3' terminus of the nucleic
acid sequence and which, when transcribed, is recognized by
the host cell as a signal to add polyadenosine residues to
transcribed mRNA. Any polyadenylation sequence which is
functional in the host cell of choice finds use in the present
invention. Exemplary polyadenylation sequences for fila-
mentous fungal host cells include, but are not limited to
those obtained from the genes for Aspergillus oryzae TAKA
amylase, Aspergillus niger glucoamylase, Aspergillus nidu-
lans anthranilate synthase, Fusarium oxysporum trypsin-like
protease, and Aspergillus niger alpha-glucosidase. Useful
polyadenylation sequences for yeast host cells are known in
the art (See e.g., Guo and Sherman, Mol Cell Biol., 15:5983-
5990 [1995)).
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In some embodiments, the expression vector of the pres-
ent invention contains one or more selectable markers,
which permit easy selection of transformed cells. A “select-
able marker” is a gene, the product of which provides for
biocide or viral resistance, resistance to antimicrobials or
heavy metals, prototrophy to auxotrophs, and the like. Any
suitable selectable markers for use in a filamentous fungal
host cell find use in the present invention, including, but are
not limited to, amdS (acetamidase), argB (ornithine carbam-
oyltransferase), bar (phosphinothricin acetyltransferase),
hph (hygromycin phosphotransferase), niaD (nitrate reduc-
tase), pyrG (orotidine-5'-phosphate decarboxylase), sC (sul-
fate adenyltransferase), and trpC (anthranilate synthase), as
well as equivalents thereof. Additional markers useful in
host cells such as Aspergillus, include but are not limited to
the amdS and pyrG genes of Aspergillus nidulans or Asper-
gillus oryzae and the bar gene of Streptomyces hygroscopi-
cus. Suitable markers for yeast host cells include, but are not
limited to ADE2, HIS3, LEU2, LYS2, MET3, TRP1, and
URA3.

In some embodiments, a vector comprising a sequence
encoding at least one variant beta-xylosidase is transformed
into a host cell in order to allow propagation of the vector
and expression of the variant beta-xylosidase(s). In some
embodiments, the variant beta-xylosidases are post-transla-
tionally modified to remove the signal peptide and in some
cases may be cleaved after secretion. In some embodiments,
the transformed host cell described above is cultured in a
suitable nutrient medium under conditions permitting the
expression of the variant beta-xylosidase(s). Any suitable
medium useful for culturing the host cells finds use in the
present invention, including, but not limited to minimal or
complex media containing appropriate supplements. In
some embodiments, host cells are grown in HTP media.
Suitable media are available from various commercial sup-
pliers or may be prepared according to published recipes
(e.g., in catalogues of the American Type Culture Collec-
tion).

In some embodiments, the host cell is a eukaryotic cell.
Suitable eukaryotic host cells include, but are not limited to,
fungal cells, algal cells, insect cells, and plant cells. Suitable
fungal host cells include, but are not limited to, Ascomycota,
Basidiomycota, Deuteromycota, Zygomycota, Fungi imper-
fecti. In some embodiments, the fungal host cells are yeast
cells and filamentous fungal cells. The filamentous fungal
host cells of the present invention include all filamentous
forms of the subdivision Eumycotina and Oomycota. Fila-
mentous fungi are characterized by a vegetative mycelium
with a cell wall composed of chitin, cellulose and other
complex polysaccharides. The filamentous fungal host cells
of the present invention are morphologically distinct from
yeast.

In some embodiments of the present invention, the fila-
mentous fungal host cells are of any suitable genus and
species, including, but not limited to Achlya, Acremonium,
Aspergillus, Aureobasidium, Bjerkandera, Ceriporiopsis,
Cephalosporium, Chrysosporium, Cochliobolus, Coryna-
scus, Cryphonectria, Cryptococcus, Coprinus, Coriolus,
Diplodia, Endothis, Fusarium, Gibberella, Gliocladium,
Humicola, Hypocrea, Myceliophthora, Mucor, Neurospora,
Penicillium, Podospora, Phlebia, Piromyces, Pyricularia,
Rhizomucor, Rhizopus, Schizophyllum, Scytalidium, Sporo-
trichum, lalavomyces, Thermoascus, Thielavia, Trametes,
Tolypocladium, Trichoderma, Verticillium, and/or Volvari-
ella, and/or teleomorphs, or anamorphs, and synonyms,
basionyms, or taxonomic equivalents thereof.
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In some embodiments of the present invention, the fila-
mentous fungal host cell is of the Trichoderma species (e.g.,
T longibrachiatum, T viride [e.g., ATCC 32098 and
32086]), Hypocrea jecorina or T. reesei (NRRL 15709,
ATTC 13631, 56764, 56765, 56466, 56767 and RL-P37 and
derivatives thereof (See e.g., Sheir-Neiss et al., Appl. Micro-
biol. Biotechnol., 20:46-53 [1984]), T. komingii, and T.
harzianum. In addition, the term “Trichoderma” refers to
any fungal strain that was previously and/or currently clas-
sified as Trichoderma. In some embodiments of the present
invention, the filamentous fungal host cell is of the Asper-
gillus species (e.g., A. awamori, A. fumigatus, A. japonicus,
A. nidulans, A. niger, A. aculeatus, A. foetidus, A. oryzae, A.
sojae, and A. kawachi; See e.g., Kelly and Hynes, EMBO J.,
4:475-479 [1985]; NRRL 3112, ATCC 11490, 22342,
44733, and 14331, Yelton et al., Proc. Natl. Acad. Sci. USA,
81, 1470-1474 [1984]; Tilburn et al., Gene 26:205-221
[1982]; and Johnston, et al., EMBO J., 4:1307-1311 [1985]).
In some embodiments of the present invention, the filamen-
tous fungal host cell is a Chrysosporium species (e.g., C.
lucknowense, C. keratinophilum, C. tropicum, C. merd-
arium, C. inops, C. pannicola, and C. zonatum). In some
embodiments of the present invention, the filamentous fun-
gal host cell is a Myceliophthora species (e.g., M. thermo-
phila). In some embodiments of the present invention, the
filamentous fungal host cell is a Fusarium species (e.g., F.
bactridioides, F. cerealis, F. crookwellense, F. culmorum, F.
graminearum, F. graminum. E oxysporum, F roseum, and F.
venenatum). In some embodiments of the present invention,
the filamentous fungal host cell is a Neurospora species
(e.g., N. crassa; See e.g., Case et al., Proc. Natl. Acad. Sci.
USA, 76:5259-5263 [1979]; U.S. Pat. No. 4,486,553; and
Kinsey and Rambosek (1984) Mol. Cell. Biol., 4:117-122
[1984], all of which are hereby incorporated by reference).
In some embodiments of the present invention, the filamen-
tous fungal host cell is a Humicola species (e.g., H. insolens,
H. grisea, and H. lanuginosa). In some embodiments of the
present invention, the filamentous fungal host cell is a
Mucor species (e.g., M. miehei and M. circinelloides). In
some embodiments of the present invention, the filamentous
fungal host cell is a Rhizopus species (e.g., R. oryzae and R.
niveus.). In some embodiments of the invention, the fila-
mentous fungal host cell is a Penicillium species (e.g., P.
purpurogenum, P. chrysogenum, and P. verruculosum). In
some embodiments of the invention, the filamentous fungal
host cell is a Talaromyces species (e.g., T. emersonii, 1.
favus, T helicus, T. rotundus, and T. stipitatus). In some
embodiments of the invention, the filamentous fungal host
cell is a Thielavia species (e.g., T. terrestris and T heterothal-
lica). In some embodiments of the present invention, the
filamentous fungal host cell is a Tolypocladium species (e.g.,
T inflatum and 1. geodes). In some embodiments of the
present invention, the filamentous fungal host cell is a
Trametes species (e.g., 1. villosa and T. versicolor). In some
embodiments of the present invention, the filamentous fun-
gal host cell is a Sporotrichum species. In some embodi-
ments of the present invention, the filamentous fungal host
cell is a Corynascus species.

In some embodiments of the present invention, the host
cell is a yeast cell, including but not limited to cells of
Candida, Hansenula, Saccharomyces, Schizosaccharomy-
ces, Pichia, Kluyveromyces, or Yarrowia species. In some
embodiments of the present invention, the yeast cell is
Hansenula polymorpha, Saccharomyces cerevisiae, Saccha-
romyces carlsbergensis, Saccharomyces diastaticus, Sac-
charomyces norbensis, Saccharomyces kluyveri, Schizosac-
charomyces pombe, Pichia pastoris, Pichia finlandica,
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Pichia trehalophila, Pichia kodamae, Pichia membranaefa-
ciens, Pichia opuntiae, Pichia thermotolerans, Pichia sal-
ictaria, Pichia quercuum, Pichia pijperi, Pichia stipitis,
Pichia methanolica, Pichia angusta, Kluyveromyces lactis,
Candida albicans, or Yarrowia lipolytica.

In some embodiments of the invention, the host cell is an
algal cell such as Chlamydomonas (e.g., C. reinhardtii) and
Phormidium (P. sp. ATCC29409).

In some other embodiments, the host cell is a prokaryotic
cell. Suitable prokaryotic cells include, but are not limited to
Gram-positive, Gram-negative and Gram-variable bacterial
cells. Any suitable bacterial organism finds use in the present
invention, including but not limited to Agrobacterium, Ali-
cyclobacillus, Anabaena, Anacystis, Acinetobacter, Acido-
thermus, Arthrobacter, Azobacter, Bacillus, Bifidobacterium,
Brevibacterium, Butyrivibrio, Buchnera, Campestris, Cam-
plyobacter, Clostridium, Corynebacterium, Chromatium,
Coprococcus, Escherichia, Enterococcus, Enterobacter,
Erwinia, Fusobacterium, Faecalibacterium, Francisella,
Flavobacterium, Geobacillus, Haemophilus, Helicobacter,
Klebsiella, Lactobacillus, Lactococcus, Ilyobacter, Micro-
coccus, Microbacterium, Mesorhizobium, Methylobacte-
rium, Methylobacterium, Mycobacterium, Neisseria, Pan-
toea, Pseudomonas, Prochlorococcus, Rhodobacter,
Rhodopseudomonas, Rhodopseudomonas, Roseburia, Rho-
dospirillum, Rhodococcus, Scenedesmus, Streptomyces,
Streptococcus, Synecoccus, Saccharomonospora, Staphylo-
coccus, Serratia, Salmonella, Shigella, Thermoanaerobac-
terium, Tropheryma, Tularensis, ITemecula, Thermosyn-
echococcus, Thermococcus, Ureaplasma, Xanthomonas,
Xylella, Yersinia and Zymomonas. In some embodiments,
the host cell is a species of Agrobacterium, Acinetobacter,
Azobacter, Bacillus, Bifidobacterium, Buchnera, Geobacil-
lus, Campylobacter, Clostridium, Corynebacterium,
Escherichia, Enterococcus, Erwinia, Flavobacterium, Lac-
tobacillus, Lactococcus, Pantoea, Pseudomonas, Staphylo-
coccus, Salmonella, Streptococcus, Streptomyces, or
Zymomonas. In some embodiments, the bacterial host strain
is non-pathogenic to humans. In some embodiments the
bacterial host strain is an industrial strain. Numerous bac-
terial industrial strains are known and suitable in the present
invention. In some embodiments of the present invention,
the bacterial host cell is an Agrobacterium species (e.g., A.
radiobacter, A. rhizogenes, and A. rubi). In some embodi-
ments of the present invention, the bacterial host cell is an
Arthrobacter species (e.g., A. aurescens, A. citreus, A. glob-
formis, A. hydrocarboglutamicus, A. mysorens, A. nicoti-
anae, A. paraffineus, A. protophonniae, A. roseoparqffinus,
A. sulfureus, and A. ureafaciens). In some embodiments of
the present invention, the bacterial host cell is a Bacillus
species (e.g., B. thuringensis, B. anthracia, B. megaterium,
B. subtilis, B. lentus, B. circulans, B. pumilus, B. lautus, B.
coagulans, B. brevis, B. firmus, B. alkaophius, B. licheni-
formis, B. clausii, B. stearothermophilus, B. halodurans, and
B. amyloliquefaciens). In some embodiments, the host cell is
an industrial Bacillus strain including but not limited to B.
subtilis, B. pumilus, B. licheniformis, B. megaterium, B.
clausii, B. stearothermophilus, or B. amyloliquefaciens. In
some embodiments, the Bacillus host cells are B. subtilis, B.
licheniformis, B. megaterium, B. stearothermophilus, and/or
B. amyloliquefaciens. In some embodiments, the bacterial
host cell is a Clostridium species (e.g., C. acetobutylicum, C.
tetani B8, C. lituseburense, C. saccharobutylicum, C. per-
fringens, and C. beijerinckii). In some embodiments, the
bacterial host cell is a Corynebacterium species (e.g., C.
glutamicum and C. acetoacidophilum). In some embodi-
ments the bacterial host cell is a Escherichia species (e.g., E.
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coli). In some embodiments, the bacterial host cell is an
Erwinia species (e.g., E. uredovora, E. carotovora, E.
ananas, E. herbicola, E. punctata, and E. terreus). In some
embodiments, the bacterial host cell is a Pantoea species
(e.g., P. citrea, and P. agglomerans). In some embodiments
the bacterial host cell is a Pseudomonas species (e.g., P.
putida, P. aeruginosa, P. mevalonii, and P. sp. D-01 10). In
some embodiments, the bacterial host cell is a Streptococcus
species (e.g., S. equisimiles, S. pyogenes, and S. uberis). In
some embodiments, the bacterial host cell is a Streptomyces
species (e.g., S. ambofaciens, S. achromogenes, S. avermiti-
lis, S. coelicolor, S. aureofaciens, S. aureus, S. fungicidicus,
S. griseus, and S. lividans). In some embodiments, the
bacterial host cell is a Zymomonas species (e.g., Z. mobilis,
and Z. lipolytica).

Many prokaryotic and eukaryotic strains that find use in
the present invention are readily available to the public from
a number of culture collections such as American Type
Culture Collection (ATCC), Deutsche Sammlung von Mik-
roorganismen and Zellkulturen GmbH (DSM), Centraalbu-
reau Voor Schimmelcultures (CBS), and Agricultural
Research Service Patent Culture Collection, Northern
Regional Research Center (NRRL).

In some embodiments, host cells are genetically modified
to have characteristics that improve protein secretion, pro-
tein stability and/or other properties desirable for expression
and/or secretion of a protein. For example, knockout of Alpl
function results in a cell that is protease deficient. Knockout
of pyr5 function results in a cell with a pyrimidine deficient
phenotype. In some embodiments, the host cells are modi-
fied to delete endogenous cellulase protein-encoding
sequences or otherwise eliminate expression of one or more
endogenous cellulases. In some embodiments, expression of
one or more endogenous cellulases is inhibited to increase
production of cellulases of interest. Genetic modification
can be achieved by genetic engineering techniques and/or
classical microbiological techniques (e.g., chemical or UV
mutagenesis and subsequent selection). Indeed, in some
embodiments, combinations of recombinant modification
and classical selection techniques are used to produce the
host cells. Using recombinant technology, nucleic acid mol-
ecules can be introduced, deleted, inhibited or modified, in
a manner that results in increased yields of beta-xylosidase
variant(s) within the host cell and/or in the culture medium.
For example, knockout of Alp1 function results in a cell that
is protease deficient, and knockout of pyr5 function results
in a cell with a pyrimidine deficient phenotype. In one
genetic engineering approach, homologous recombination is
used to induce targeted gene modifications by specifically
targeting a gene in vivo to suppress expression of the
encoded protein. In alternative approaches, siRNA, anti-
sense and/or ribozyme technology find use in inhibiting gene
expression.

In some embodiments, host cells (e.g., Myceliophthora
thermophila) used for expression of variant beta-xylosidases
have been genetically modified to reduce the amount of
endogenous cellobiose dehydrogenase (EC 1.1.3.4) and/or
other enzymes activity that is secreted by the cell. A variety
of methods are known in the art for reducing expression of
protein in cells, including, but not limited to deletion of all
or part of the gene encoding the protein and site-specific
mutagenesis to disrupt expression or activity of the gene
product. (See e.g., Chaveroche et al., Nucl. Acids Res.,
28:22 €97 [2000]; Cho et al., MPMI 19: 1:7-15 [2006];
Maruyama and Kitamoto, Biotechnol Lett., 30:1811-1817
[2008]; Takahashi et al., Mol. Gen. Genom., 272: 344-352
[2004]; and You et al., Arch Micriobiol., 191:615-622
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[2009], all of which are incorporated by reference herein).
Random mutagenesis, followed by screening for desired
mutations also finds use (See e.g., Combier et al., FEMS
Microbiol Lett 220:141-8 [2003]; and Firon et al., Eukary.
Cell 2:247-55 [2003], both of which are incorporated by
reference). In some embodiments, the host cell is modified
to reduce production of endogenous cellobiose dehydroge-
nases. In some embodiments, the cell is modified to reduce
production of cellobiose dehydrogenase (e.g., CDHI1 or
CDH2). In some embodiments, the host cell has less than
75%, sometimes less than 50%, sometimes less than 30%,
sometimes less than 25%, sometimes less than 20%, some-
times less than 15%, sometimes less than 10%, sometimes
less than 5%, and sometimes less than 1% of the cellobiose
dehydrogenase (e.g., CDHI1 and/or CDH2) activity of the
corresponding cell in which the gene is not disrupted.
Exemplary Myceliophthora thermophila cellobiose dehy-
drogenases include, but are not limited to CDH1 and CDH2.
The genomic sequence for the Cdhl encoding CDHI1 has
accession number AF074951.1. In one approach, gene dis-
ruption is achieved using genomic flanking markers (See
e.g., Rothstein, Meth. Enzymol., 101:202-11 [1983]). In
some embodiments, site-directed mutagenesis is used to
target a particular domain of a protein, in some cases, to
reduce enzymatic activity (e.g., glucose-methanol-choline
oxido-reductase N and C domains of a cellobiose dehydro-
genase or heme binding domain of a cellobiose dehydroge-
nase; See e.g., Rotsaert et al., Arch. Biochem. Biophys.,
390:206-14 [2001], which is incorporated by reference
herein in its entirety).

Introduction of a vector or DNA construct into a host cell
can be accomplished using any suitable method known in
the art, including but not limited to calcium phosphate
transfection, DEAE-Dextran mediated transfection, PEG-
mediated transformation, electroporation, or other common
techniques known in the art.

In some embodiments, the engineered host cells (i.e.,
“recombinant host cells”) of the present invention are cul-
tured in conventional nutrient media modified as appropriate
for activating promoters, selecting transformants, or ampli-
fying the cellobiohydrolase polynucleotide. Culture condi-
tions, such as temperature, pH and the like, are those
previously used with the host cell selected for expression,
and are well-known to those skilled in the art. As noted,
many standard references and texts are available for the
culture and production of many cells, including cells of
bacterial, plant, animal (especially mammalian) and arche-
bacterial origin.

In some embodiments, cells expressing the variant beta-
xylosidase polypeptides of the invention are grown under
batch or continuous fermentations conditions. Classical
“batch fermentation” is a closed system, wherein the com-
positions of the medium is set at the beginning of the
fermentation and is not subject to artificial alternations
during the fermentation. A variation of the batch system is
a “fed-batch fermentation” which also finds use in the
present invention. In this variation, the substrate is added in
increments as the fermentation progresses. Fed-batch sys-
tems are useful when catabolite repression is likely to inhibit
the metabolism of the cells and where it is desirable to have
limited amounts of substrate in the medium. Batch and
fed-batch fermentations are common and well known in the
art. “Continuous fermentation” is an open system where a
defined fermentation medium is added continuously to a
bioreactor and an equal amount of conditioned medium is
removed simultaneously for processing. Continuous fer-
mentation generally maintains the cultures at a constant high
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density where cells are primarily in log phase growth.
Continuous fermentation systems strive to maintain steady
state growth conditions. Methods for modulating nutrients
and growth factors for continuous fermentation processes as
well as techniques for maximizing the rate of product
formation are well known in the art of industrial microbi-
ology.

In some embodiments of the present invention, cell-free
transcription/translation systems find use in producing vari-
ant beta-xylosidase(s). Several systems are commercially
available and the methods are well-known to those skilled in
the art.

The present invention provides methods of making vari-
ant beta-xylosidase polypeptides or biologically active frag-
ments thereof. In some embodiments, the method comprises:
providing a host cell transformed with a polynucleotide
encoding an amino acid sequence that comprises at least
about 70% (or at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least
about 99%) sequence identity to SEQ ID NO:2 and com-
prising at least one mutation as provided herein; culturing
the transformed host cell in a culture medium under condi-
tions in which the host cell expresses the encoded variant
beta-xylosidase polypeptide; and optionally recovering or
isolating the expressed variant beta-xylosidase polypeptide,
and/or recovering or isolating the culture medium containing
the expressed variant beta-xylosidase polypeptide. In some
embodiments, the methods further provide optionally lysing
the transformed host cells after expressing the encoded
beta-xylosidase polypeptide and optionally recovering and/
or isolating the expressed variant beta-xylosidase polypep-
tide from the cell lysate. The present invention further
provides methods of making a variant beta-xylosidase poly-
peptide comprising cultivating a host cell transformed with
a variant beta-xylosidase polypeptide under conditions suit-
able for the production of the variant beta-xylosidase poly-
peptide and recovering the variant beta-xylosidase polypep-
tide. Typically, recovery or isolation of the beta-xylosidase
polypeptide is from the host cell culture medium, the host
cell or both, using protein recovery techniques that are well
known in the art, including those described herein. In some
embodiments, host cells are harvested by centrifugation,
disrupted by physical or chemical means, and the resulting
crude extract retained for further purification. Microbial
cells employed in expression of proteins can be disrupted by
any convenient method, including, but not limited to freeze-
thaw cycling, sonication, mechanical disruption, and/or use
of cell lysing agents, as well as many other suitable methods
well known to those skilled in the art.

In some embodiments, the resulting polypeptide is recov-
ered/isolated and optionally purified by any of a number of
methods known in the art. For example, in some embodi-
ments, the polypeptide is isolated from the nutrient medium
by conventional procedures including, but not limited to,
centrifugation, filtration, extraction, spray-drying, evapora-
tion, chromatography (e.g., ion exchange, affinity, hydro-
phobic interaction, chromatofocusing, and size exclusion),
or precipitation. In some embodiments, protein refolding
steps are used, as desired, in completing the configuration of
the mature protein. In addition, in some embodiments, high
performance liquid chromatography (HPLC) is employed in
the final purification steps. For example, in some embodi-
ments, methods for purifying BGL known in the art, find use
in the present invention (See e.g., Parry et al., Biochem. J.,
353:117 [2001]; and Hong et al., Appl. Microbiol. Biotech-
nol., 73:1331 [2007], both incorporated herein by reference).
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Indeed, any suitable purification methods known in the art
find use in the present invention.

In some embodiments, immunological methods are used
to purify beta-xylosidase variants. In one approach, antibody
raised against a variant beta-xylosidase polypeptide (e.g.,
against a polypeptide comprising any of SEQ ID NOS:2, 3,
5,7,9,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,
39, 41, 43, 45, 47, 49, 51, 53, and/or 55, and/or an immu-
nogenic fragment thereof) using conventional methods is
immobilized on beads, mixed with cell culture media under
conditions in which the variant beta-xylosidase is bound,
and precipitated. In a related approach, immunochromatog-
raphy finds use.

In some embodiments, the variant beta-xylosidases are
expressed as a fusion protein including a non-enzyme por-
tion. In some embodiments, the variant beta-xylosidase
sequence is fused to a purification facilitating domain. As
used herein, the term “purification facilitating domain”
refers to a domain that mediates purification of the poly-
peptide to which it is fused. Suitable purification domains
include, but are not limited to metal chelating peptides,
histidine-tryptophan modules that allow purification on
immobilized metals, a sequence which binds glutathione
(e.g., GST), a hemagglutinin (HA) tag (corresponding to an
epitope derived from the influenza hemagglutinin protein;
See e.g., Wilson et al., Cell 37:767 [1984]), maltose binding
protein sequences, the FLAG epitope utilized in the FLAGS
extension/affinity purification system (e.g., the system avail-
able from Immunex Corp, Seattle, Wash.), and the like. One
expression vector contemplated for use in the compositions
and methods described herein provides for expression of a
fusion protein comprising a polypeptide of the invention
fused to a polyhistidine region separated by an enterokinase
cleavage site. The histidine residues facilitate purification on
IMIAC (immobilized metal ion affinity chromatography;
See e.g., Porath et al., Prot. Exp. Purif.,, 3:263-281 [1992])
while the enterokinase cleavage site provides a means for
separating the variant beta-xylosidase polypeptide from the
fusion protein. pGEX vectors (Promega; Madison, Wis.)
may also be used to express foreign polypeptides as fusion
proteins with glutathione S-transferase (GST). In general,
such fusion proteins are soluble and can easily be purified
from lysed cells by adsorption to ligand-agarose beads (e.g.,
glutathione-agarose in the case of GST-fusions) followed by
elution in the presence of free ligand.

The variant beta-xylosidases and biologically active frag-
ments thereof as described herein have multiple industrial
applications, including but not limited to, sugar production
(e.g., glucose syrups), biofuels production, textile treatment,
pulp or paper treatment, bio-based chemical production, and
applications in detergents and/or animal feed. A host cell
containing at least one variant beta-xylosidase of the present
invention finds use without recovery and purification of the
recombinant variant beta-xylosidase(s) (e.g., for use in a
large scale biofermentor). Alternatively, recombinant variant
beta-xylosidases are produced and purified from the host
cell.

The variant beta-xylosidases provided herein are particu-
larly useful in methods used to break down cellulose to
smaller oligosaccharides, disaccharides and monosaccha-
rides. In some embodiments, the variant beta-xylosidases are
used in saccharification methods. In some embodiments, the
variant beta-xylosidases are used in combination with other
cellulase enzymes in conventional enzymatic saccharifica-
tion methods to produce fermentable sugars. In some
embodiments, the present invention provides methods for
producing at least one end-product from a cellulosic sub-
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strate, the methods comprising contacting the cellulosic
substrate with at least one variant beta-xylosidase as
described herein (and optionally other cellulases) under
conditions in which fermentable sugars are produced. The
fermentable sugars are then used in a fermentation reaction
comprising a microorganism (e.g., a yeast) to produce at
least one end-product. In some embodiments, the methods
further comprise pretreating the cellulosic substrate to
increase its susceptibility to hydrolysis prior to contacting
the cellulosic substrate with at least one variant beta-xylo-
sidase (and optionally other cellulases).

In some embodiments, enzyme compositions comprising
at least one variant beta-xylosidase of the present invention
are reacted with a biomass substrate in the range of about
25° C. to about 100° C., about 30° C. to about 90° C., about
30° C. to about 80° C., or about 30° C. to about 70° C. Also
the biomass may be reacted with the enzyme compositions
at about 25° C., at about 30° C., at about 35° C., at about 40°
C., at about 45° C., at about 50° C., at about 55° C., at about
60° C., at about 65° C., at about 70° C., at about 75° C., at
about 80° C., at about 85° C., at about 90° C., at about 95°
C. and at about 100° C. Generally the pH range will be from
about pH 3.0 to about 8.5, about pH 3.5 to about 8.5, about
pH 4.0 to about 7.5, about pH 4.0 to about 7.0 and about pH
4.0 to about 6.5. In some embodiments, the incubation time
varies (e.g., from about 1.0 to about 240 hours, from about
5.0 to about 180 hrs and from about 10.0 to about 150 hrs).
In some embodiments, the incubation time is at least about
1 hr, at least about 5 hrs, at least about 10 hrs, at least about
15 hrs, at least about 25 hrs, at least about 50 hr, at least
about 100 hrs, at least about 180 hrs, etc. In some embodi-
ments, incubation of the cellulase under these conditions and
subsequent contact with the substrate results in the release of
substantial amounts of fermentable sugars from the substrate
(e.g., glucose when the cellulase is combined with -glu-
cosidase). For example, in some embodiments, at least about
20%, at least about 30%, at least about 40%, at least about
50%, at least about 60%, at least about 70%, at least about
80%, at least about 90%, or more fermentable sugar is
available as compared to the release of sugar by a reference
enzyme.

In some embodiments, an “end-product of fermentation”
is any product produced by a process including a fermen-
tation step using a fermenting organism. Examples of end-
products of a fermentation include, but are not limited to,
alcohols (e.g., fuel alcohols such as ethanol and butanol),
organic acids (e.g., citric acid, acetic acid, acrylic acid, lactic
acid, gluconic acid, and succinic acid), glycerol, ketones,
diols, amino acids (e.g., glutamic acid), antibiotics (e.g.,
penicillin and tetracycline), vitamins (e.g., beta-carotene and
B12), hormones, and fuel molecules other than alcohols
(e.g., hydrocarbons).

In some embodiments, the fermentable sugars produced
by the methods of the present invention are used to produce
at least one alcohol (e.g., ethanol, butanol, etc.). The variant
beta-xylosidases of the present invention find use in any
method suitable for the generation of alcohols or other
biofuels from cellulose. It is not intended that the present
invention be limited to the specific methods provided herein.
Two methods commonly employed are separate saccharifi-
cation and fermentation (SHF) methods (See e.g., Wilke et
al., Biotechnol. Bioengin., 6:155-75 [1976]) and simultane-
ous saccharification and fermentation (SSF) methods (See
e.g., U.S. Pat. Nos. 3,990,944 and 3,990,945). In some
embodiments, the SHF saccharification method comprises
the steps of contacting a cellulase with a cellulose containing
substrate to enzymatically break down cellulose into fer-
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mentable sugars (e.g., monosaccharides such as glucose),
contacting the fermentable sugars with an alcohol-producing
microorganism to produce alcohol (e.g., ethanol or butanol)
and recovering the alcohol. In some embodiments, the
method of consolidated bioprocessing (CBP) finds use, in
which the cellulase production from the host is simultaneous
with saccharification and fermentation either from one host
or from a mixed cultivation. In addition, SSF methods find
use in the present invention. In some embodiments, SSF
methods provide a higher efficiency of alcohol production
than that provided by SHF methods (See e.g., Drissen et al.,
Biocat. Biotrans., 27:27-35 [2009]).

In some embodiments, for cellulosic substances to be
effectively used as substrates for the saccharification reac-
tion in the presence of a cellulase of the present invention,
it is desirable to pretreat the substrate. Means of pretreating
a cellulosic substrate are well-known in the art, including but
not limited to chemical pretreatment (e.g., ammonia pre-
treatment, dilute acid pretreatment, dilute alkali pretreat-
ment, or solvent exposure), physical pretreatment (e.g.,
steam explosion or irradiation), mechanical pretreatment
(e.g., grinding or milling) and biological pretreatment (e.g.,
application of lignin-solubilizing microorganisms), and the
present invention is not limited by such methods.

In some embodiments, any suitable alcohol-producing
microorganism known in the art (e.g., Saccharomyces cer-
evisiae), finds use in the present invention for the fermen-
tation of fermentable sugars to alcohols and other end-
products. The fermentable sugars produced from the use of
the variant beta-xylosidase(s) provided by the present inven-
tion find use in the production of other end-products besides
alcohols, including, but not limited to biofuels and/or bio-
fuels compounds, acetone, amino acids (e.g., glycine, lysine,
etc.), organic acids (e.g., lactic acids, etc.), glycerol, ascorbic
acid, diols (e.g., 1,3-propanediol, butanediol, etc.), vitamins,
hormones, antibiotics, other chemicals, and animal feeds. In
addition, the variant beta-xylosidases provided herein fur-
ther find use in the pulp and paper industry. Indeed, it is not
intended that the present invention be limited to any par-
ticular end-products.

In some embodiments, the present invention provides an
enzyme mixture that comprises at least one variant beta-
xylosidase polypeptide as provided herein. The enzyme
mixture may be cell-free, or in alternative embodiments,
may not be separated from host cells that secrete an enzyme
mixture component. A cell-free enzyme mixture typically
comprises enzymes that have been separated from cells.
Cell-free enzyme mixtures can be prepared by any of a
variety of methodologies that are known in the art, such as
filtration or centrifugation methodologies. In some embodi-
ments, the enzyme mixtures are partially cell-free, substan-
tially cell-free, or entirely cell-free.

In some embodiments, at least one variant beta-xylosidase
and any additional enzymes present in the enzyme mixture
are secreted from a single genetically modified fungal cell or
by different microbes in combined or separate fermenta-
tions. Similarly, in additional embodiments, the variant
beta-xylosidase(s) and any additional enzymes present in the
enzyme mixture are expressed individually or in sub-groups
from different strains of different organisms and the enzymes
are combined in vitro to make the enzyme mixture. It is also
contemplated that the variant beta-xylosidase(s) and any
additional enzymes in the enzyme mixture will be expressed
individually or in sub-groups from different strains of a
single organism, and the enzymes combined to make the
enzyme mixture. In some embodiments, all of the enzymes
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are expressed from a single host organism, such as a
genetically modified fungal cell.

In some embodiments, the enzyme mixture comprises at
least one cellulase, selected from cellobiohydrolase (CBH),
endoglucanase (EG), glycoside hydrolase 61 (GH61) and/or
beta-glucosidase (BGL). In some embodiments, the cello-
biohydrolase is 7. reesei cellobiohydrolase II. In some
embodiments, the endoglucanase comprises a catalytic
domain derived from the catalytic domain of a Strepromyces
avermitilis endoglucanase. In some embodiments, at least
one cellulase is Acidothermus cellulolyticus, Thermobifida
fusca, Humicola grisea, and/or a Chrysosporium sp. cellu-
lase. Cellulase enzymes of the cellulase mixture work
together in decrystallizing and hydrolyzing the cellulose
from a biomass substrate to yield fermentable sugars, such
as but not limited to glucose (See e.g., Brigham et al. in
Wyman ([ed.], Harndbook on Bioethanol, Taylor and Francis,
Washington D.C. [1995], pp 119-141, incorporated herein
by reference). Indeed, it is not intended that the present
invention be limited to any enzyme compositions compris-
ing any particular cellulase component(s), as various com-
binations of cellulases find use in the enzyme compositions
of the present invention.

Cellulase mixtures for efficient enzymatic hydrolysis of
cellulose are known (See e.g., Viikari et al., Adv. Biochem.
Eng. Biotechnol., 108:121-45 [2007]; and US Pat. Publns.
2009/0061484; US 2008/0057541; and US 2009/0209009,
each of which is incorporated herein by reference). In some
embodiments, mixtures of purified naturally occurring or
recombinant enzymes are combined with cellulosic feed-
stock or a product of cellulose hydrolysis. In some embodi-
ments, one or more cell populations, each producing one or
more naturally occurring or recombinant cellulases, are
combined with cellulosic feedstock or a product of cellulose
hydrolysis.

In some embodiments, at least one variant beta-xylosidase
polypeptide of the present invention is present in mixtures
comprising enzymes other than cellulases that degrade cel-
Iulose, hemicellulose, pectin, and/or lignocellulose.

Cellulase mixtures for efficient enzymatic hydrolysis of
cellulose are known (See e.g., Viikari et al., Adv. Biochem.
Eng. Biotechnol., 108:121-45 [2007]; and US Pat. Publns.
2009/0061484; US 2008/0057541; and US 2009/0209009,
each of which is incorporated herein by reference). In some
embodiments, mixtures of purified naturally occurring or
recombinant enzymes are combined with cellulosic feed-
stock or a product of cellulose hydrolysis. In some embodi-
ments, one or more cell populations, each producing one or
more naturally occurring or recombinant cellulases, are
combined with cellulosic feedstock or a product of cellulose
hydrolysis.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
endoxylanase. Endoxylanases (EC 3.2.1.8) catalyze the
endohydrolysis of 1,4-p-D-xylosidic linkages in xylans.
This enzyme may also be referred to as endo-1,4-f-xylanase
or 1,4-p-D-xylan xylanohydrolase. In some embodiments,
an alternative is EC 3.2.1.136, a glucuronoarabinoxylan
endoxylanase, an enzyme that is able to hydrolyze 1,4
xylosidic linkages in glucuronoarabinoxylans.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
alpha-L-arabinofuranosidase. Alpha-L-arabinofuranosi-
dases (EC 3.2.1.55) catalyze the hydrolysis of terminal
non-reducing alpha-I.-arabinofuranoside residues in alpha-
L-arabinosides. The enzyme acts on alpha-L-arabinofurano-
sides, alpha-L-arabinans containing (1,3)- and/or (1,5)-link-
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ages, arabinoxylans, and arabinogalactans. Alpha-L.-
arabinofuranosidase is also known as arabinosidase, alpha-
arabinosidase, alpha-[-arabinosidase, alpha-
arabinofuranosidase, arabinofuranosidase, polysaccharide
alpha-L-arabinofuranosidase,  alpha-L-arabinofuranoside
hydrolase, L-arabinosidase and alpha-L.-arabinanase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
alpha-glucuronidase. Alpha-glucuronidases (EC 3.2.1.139)
catalyze the hydrolysis of an alpha-D-glucuronoside to
D-glucuronate and an alcohol.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
acetylxylanesterase. Acetylxylanesterases (EC 3.1.1.72)
catalyze the hydrolysis of acetyl groups from polymeric
xylan, acetylated xylose, acetylated glucose, alpha-napthyl
acetate, and p-nitrophenyl acetate.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
feruloyl esterase. Feruloyl esterases (EC 3.1.1.73) have
4-hydroxy-3-methoxycinnamoyl-sugar hydrolase activity
(EC 3.1.1.73) that catalyzes the hydrolysis of the 4-hydroxy-
3-methoxycinnamoyl (feruloyl) group from an esterified
sugar, which is usually arabinose in “natural” substrates, to
produce ferulate (4-hydroxy-3-methoxycinnamate). Feru-
loyl esterase is also known as ferulic acid esterase, hydroxy-
cinnamoyl esterase, FAE-IIl, cinnamoyl ester hydrolase,
FAEA, cinnAE, FAE-I, or FAE-II.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
coumaroyl esterase. Coumaroyl esterases (EC 3.1.1.73)
catalyze a reaction of the form: coumaroyl-saccharide+
H,O=coumarate+saccharide. In some embodiments, the sac-
charide is an oligosaccharide or a polysaccharide. This
enzyme may also be referred to as trans-4-coumaroyl
esterase, trans-p-coumaroyl esterase, p-coumaroyl esterase
or p-coumaric acid esterase. The enzyme also falls within
EC 3.1.1.73 so may also be referred to as a feruloyl esterase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
alpha-galactosidase. Alpha-galactosidases (EC 3.2.1.22)
catalyze the hydrolysis of terminal, non-reducing o-D-
galactose residues in a-D-galactosides, including galactose
oligosaccharides, galactomannans, galactans and arabinoga-
lactans. This enzyme may also be referred to as melibiase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
beta-galactosidase. Beta-galactosidases (EC 3.2.1.23) cata-
lyze the hydrolysis of terminal non-reducing [3-D-galactose
residues in beta-D-galactosides. In some embodiments, the
polypeptide is also capable of hydrolyzing alpha-I.-arabino-
sides. This enzyme may also be referred to as exo-(1->4)-
[-D-galactanase or lactase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
beta-mannanase. Beta-mannanases (EC 3.2.1.78) catalyze
the random hydrolysis of 1,4-beta-D-mannosidic linkages in
mannans, galactomannans and glucomannans. This enzyme
may also be referred to as mannan endo-1,4-beta-mannosi-
dase or endo-1,4-mannanase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
beta-mannosidase. Beta-mannosidases (EC 3.2.1.25) cata-
lyze the hydrolysis of terminal, non-reducing beta-D-man-
nose residues in beta-D-mannosides. This enzyme may also
be referred to as mannanase or mannase.
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In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
glucoamylase. Glucoamylases (EC 3.2.1.3) catalyzes the
release of D-glucose from non-reducing ends of oligo- and
polysaccharide molecules. Glucoamylase is also generally
considered a type of amylase known as amylo-glucosidase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
amylase. Amylases (EC 3.2.1.1) are starch cleaving enzymes
that degrade starch and related compounds by hydrolyzing
the alpha-1,4 and/or alpha-1,6 glucosidic linkages in an
endo- or an exo-acting fashion. Amylases include alpha-
amylases (EC 3.2.1.1); beta-amylases (3.2.1.2), amylo-amy-
lases (EC 3.2.1.3), alpha-glucosidases (EC 3.2.1.20), pullu-
lanases (EC 3.2.1.41), and isoamylases (EC 3.2.1.68). In
some embodiments, the amylase is an alpha-amylase.

In some embodiments one or more enzymes that degrade
pectin are included in enzyme mixtures that comprise at
least one variant beta-xylosidase of the present invention. A
pectinase catalyzes the hydrolysis of pectin into smaller
units such as oligosaccharide or monomeric saccharides. In
some embodiments, the enzyme mixtures comprise any
pectinase, for example an endo-polygalacturonase, a pectin
methyl esterase, an endo-galactanase, a pectin acetyl
esterase, an endo-pectin lyase, pectate lyase, alpha rham-
nosidase, an exo-galacturonase, an exo-polygalacturonate
lyase, a rhamnogalacturonan hydrolase, a rhamnogalactur-
onan lyase, a rhamnogalacturonan acetyl esterase, a rham-
nogalacturonan galacturonohydrolase and/or a xylogalactu-
ronase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
endo-polygalacturonase.  Endo-polygalacturonases (EC
3.2.1.15) catalyze the random hydrolysis of 1,4-alpha-D-
galactosiduronic linkages in pectate and other galactur-
onans. This enzyme may also be referred to as polygalac-
turonase pectin depolymerase, pectinase,
endopolygalacturonase, pectolase, pectin hydrolase, pectin
polygalacturonase, poly-alpha-1,4-galacturonide glycano-
hydrolase, endogalacturonase; endo-D-galacturonase or
poly(1,4-alpha-D-galacturonide) glycanohydrolase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
pectin methyl esterase. Pectin methyl esterases (EC
3.1.1.11) catalyze the reaction: pectin+n H,O=n methanol+
pectate. The enzyme may also been known as pectin
esterase, pectin demethoxylase, pectin methoxylase, pectin
methylesterase, pectase, pectinoesterase or pectin pectylhy-
drolase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
endo-galactanase. Endo-galactanases (EC 3.2.1.89) catalyze
the endohydrolysis of 1,4-beta-D-galactosidic linkages in
arabinogalactans. The enzyme may also be known as ara-
binogalactan endo-1,4-beta-galactosidase, endo-1,4-beta-
galactanase, galactanase, arabinogalactanase or arabinoga-
lactan 4-beta-D-galactanohydrolase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
pectin acetyl esterase. Pectin acetyl esterases catalyze the
deacetylation of the acetyl groups at the hydroxyl groups of
GalUA residues of pectin.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
endo-pectin lyase. Endo-pectin lyases (EC 4.2.2.10) cata-
lyze the eliminative cleavage of (1—4)-alpha-D-galactur-
onan methyl ester to give oligosaccharides with 4-deoxy-6-
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O-methyl-alpha-D-galact-4-enuronosyl groups at their non-
reducing ends. The enzyme may also be known as pectin
lyase, pectin trans-eliminase; endo-pectin lyase, polymeth-
ylgalacturonic transeliminase, pectin methyltranseliminase,
pectolyase, PL, PNL or PMGL or (1—4)-6-O-methyl-alpha-
D-galacturonan lyase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
pectate lyase. Pectate lyases (EC 4.2.2.2) catalyze the elimi-
native cleavage of (1—4)-alpha-D-galacturonan to give oli-
gosaccharides with 4-deoxy-alpha-D-galact-4-enuronosyl
groups at their non-reducing ends. The enzyme may also be
known polygalacturonic transeliminase, pectic acid transe-
liminase, polygalacturonate lyase, endopectin methyltranse-
liminase, pectate transeliminase, endogalacturonate transe-
liminase, pectic acid lyase, pectic lyase, alpha-1,4-D-
endopolygalacturonic acid lyase, PGA lyase, PPase-N,
endo-alpha-1,4-polygalacturonic acid lyase, polygalactur-
onic acid lyase, pectin trans-eliminase, polygalacturonic
acid trans-eliminase or (1—=4)-alpha-D-galacturonan lyase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
alpha-rhamnosidase. Alpha-rhamnosidases (EC 3.2.1.40)
catalyze the hydrolysis of terminal non-reducing alpha-L.-
rhamnose residues in alpha-L-rhamnosides or alternatively
in rhamnogalacturonan. This enzyme may also be known as
alpha-L-rhamnosidase T, alpha-L.-rhamnosidase N or alpha-
L-rhamnoside rhamnohydrolase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
exo-galacturonase. Exo-galacturonases (EC 3.2.1.82)
hydrolyze pectic acid from the non-reducing end, releasing
digalacturonate. The enzyme may also be known as exo-
poly-a.-galacturonosidase, exopolygalacturonosidase or
exopolygalacturanosidase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
exo-galacturan 1,4-alpha galacturonidase. Exo-galactu-
ronases (EC 3.2.1.67) catalyze a reaction of the following
type: (1,4-alpha-D-galacturonide)n+H20=(1,4-alpha-D-ga-
lacturonide)n-i+D-galacturonate. The enzyme may also be
known as poly[1->4) alpha-D-galacturonide]galacturonohy-
drolase, exopolygalacturonase, poly(galacturonate) hydro-
lase, exo-D-galacturonase, exo-D-galacturonanase,
exopoly-D-galacturonase or poly(1,4-alpha-D-galactur-
onide) galacturonohydrolase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
exopolygalacturonate lyase. Exopolygalacturonate lyases
(EC 4.2.2.9) catalyze eliminative cleavage of 4-(4-deoxy-
alpha-D-galact-4-enuronosyl)-D-galacturonate  from the
reducing end of pectate (i.e., de-esterified pectin). This
enzyme may be known as pectate disaccharide-lyase, pec-
tate exo-lyase, exopectic acid transeliminase, exopectate
lyase, exopolygalacturonic acid-trans-eliminase, PATE, exo-
PATE, exo-PGL or (1—4)-alpha-D-galacturonan reducing-
end-disaccharide-lyase.

In some additional embodiments, the present invention
provides at least one xylanase variant beta-xylosidase and at
least one rhamnogalacturonanase Rhamnogalacturonanases
hydrolyze the linkage between galactosyluronic acid and
rhamnopyranosyl in an endo-fashion in strictly alternating
rhamnogalacturonan structures, consisting of the disaccha-
ride [(1,2-alpha-L-rhamnoyl-(1,4)-alpha-galactosyluronic
acid].

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
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rhamnogalacturonan lyase Rhamnogalacturonan lyases
cleave alpha-L-Rhap-(1—4)-alpha-D-GalpA linkages in an
endo-fashion in rhamnogalacturonan by beta-elimination.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
rhamnogalacturonan acetyl esterase Rhamnogalacturonan
acetyl esterases catalyze the deacetylation of the backbone
of alternating rhamnose and galacturonic acid residues in
rhamnogalacturonan.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
rhamnogalacturonan galacturonohydrolase. Rhamnogalac-
turonan galacturonohydrolases hydrolyze galacturonic acid
from the non-reducing end of strictly alternating rhamnoga-
lacturonan structures in an exo-fashion. This enzyme may
also be known as xylogalacturonan hydrolase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
endo-arabinanase. Endo-arabinanases (EC 3.2.1.99) cata-
lyze endohydrolysis of 1,5-alpha-arabinofuranosidic link-
ages in 1,5-arabinans. The enzyme may also be known as
endo-arabinase, arabinan endo-1,5-alpha-L.-arabinosidase,
endo-1,5-alpha-L.-arabinanase, endo-alpha-1,5-arabanase;
endo-arabanase or 1,5-alpha-L-arabinan 1,5-alpha-L.-arabi-
nanohydrolase.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
enzyme that participates in lignin degradation in an enzyme
mixture. Enzymatic lignin depolymerization can be accom-
plished by lignin peroxidases, manganese peroxidases, lac-
cases and cellobiose dehydrogenases (CDH), often working
in synergy. These extracellular enzymes are often referred to
as “lignin-modifying enzymes” or “LMFEs.” Three of these
enzymes comprise two glycosylated heme-containing per-
oxidases: lignin peroxidase (LIP); Mn-dependent peroxidase
(MNP); and, a copper-containing phenoloxidase laccase
(LCO).

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
laccase. Laccases are copper containing oxidase enzymes
that are found in many plants, fungi and microorganisms.
Laccases are enzymatically active on phenols and similar
molecules and perform a one electron oxidation. Laccases
can be polymeric and the enzymatically active form can be
a dimer or trimer.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
Mn-dependent peroxidase. The enzymatic activity of Mn-
dependent peroxidase (MnP) in is dependent on Mn2+.
Without being bound by theory, it has been suggested that
the main role of this enzyme is to oxidize Mn2+ to Mn3+
(See e.g., Glenn et al., Arch. Biochem. Biophys., 251:688-
696 [1986]). Subsequently, phenolic substrates are oxidized
by the Mn3+ generated.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
lignin peroxidase. Lignin peroxidase is an extracellular
heme that catalyses the oxidative depolymerization of dilute
solutions of polymeric lignin in vitro. Some of the substrates
of LiP, most notably 3,4-dimethoxybenzyl alcohol (veratryl
alcohol, VA), are active redox compounds that have been
shown to act as redox mediators. VA is a secondary metabo-
lite produced at the same time as LiP by ligninolytic cultures
of P. chrysosporium and without being bound by theory, has
been proposed to function as a physiological redox mediator
in the LiP-catalyzed oxidation of lignin in vivo (See e.g.,
Harvey, et al., FEBS Lett., 195:242-246 [1986]).
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In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
protease, amylase, glucoamylase, and/or a lipase that par-
ticipates in cellulose degradation.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
expansin or expansin-like protein, such as a swollenin (See
e.g., Salheimo et al, Eur. J. Biochem., 269:4202-4211
[2002]) or a swollenin-like protein. Expansins are impli-
cated in loosening of the cell wall structure during plant cell
growth. Expansins have been proposed to disrupt hydrogen
bonding between cellulose and other cell wall polysaccha-
rides without comprising hydrolytic activity. In this way,
they are thought to allow the sliding of cellulose fibers and
enlargement of the cell wall. Swollenin, an expansin-like
protein contains an N-terminal Carbohydrate Binding Mod-
ule Family 1 domain (CBD) and a C-terminal expansin-like
domain. In some embodiments, an expansin-like protein or
swollenin-like protein comprises one or both of such
domains and/or disrupts the structure of cell walls (such as
disrupting cellulose structure), optionally without producing
detectable amounts of reducing sugars.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
polypeptide product of a cellulose integrating protein, scaf-
foldin or a scatfoldin-like protein, for example Cip A or CipC
from Clostridium thermocellum or Clostridium cellulolyti-
cum respectively. Scaffoldins and cellulose integrating pro-
teins are multi-functional integrating subunits which may
organize cellulolytic subunits into a multi-enzyme complex.
This is accomplished by the interaction of two complemen-
tary classes of domain (i.e. a cohesion domain on scaffoldin
and a dockerin domain on each enzymatic unit). The scaf-
foldin subunit also bears a cellulose-binding module that
mediates attachment of the cellulosome to its substrate. A
scaffoldin or cellulose integrating protein for the purposes of
this invention may comprise one or both of such domains.

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
cellulose induced protein or modulating protein, for example
as encoded by cipl or cip2 gene or similar genes from
Trichoderma reesei (See e.g., Foreman et al., J. Biol. Chem.,
278:31988-31997 [2003]).

In some additional embodiments, the present invention
provides at least one variant beta-xylosidase and at least one
member of each of the classes of the polypeptides described
above, several members of one polypeptide class, or any
combination of these polypeptide classes to provide enzyme
mixtures suitable for various uses.

In some embodiments, the enzyme mixture comprises
other types of cellulases, selected from but not limited to
cellobiohydrolase, endoglucanase, beta-glucosidase, and
glycoside hydrolase 61 protein (GH61) cellulases. These
enzymes may be wild-type or recombinant enzymes. In
some embodiments, the cellobiohydrolase is a type 1 cello-
biohydrolase (e.g., a 1. reesei cellobiohydrolase I). In some
embodiments, the endoglucanase comprises a catalytic
domain derived from the catalytic domain of a Strepromyces
avermitilis endoglucanase (See e.g., US Pat. Appin. Pub.
No. 2010/0267089, incorporated herein by reference). In
some embodiments, the at least one cellulase is derived from
Acidothermus cellulolyticus, Thermobifida fusca, Humicola
grisea, Myceliophthora thermophila, Chaetomium thermo-
philum, Acremonium sp., Thielavia sp, Trichoderma reesei,
Aspergillus sp., or a Chrysosporium sp. Cellulase enzymes
in the cellulase mixtures work together resulting in decrys-
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tallization and hydrolysis of the cellulose from a biomass
substrate to yield fermentable sugars, such as but not limited
to glucose.

Some cellulase mixtures for efficient enzymatic hydroly-
sis of cellulose are known (See e.g., Viikari et al., Adv.
Biochem. Eng. Biotechnol., 108:121-45 [2007]; and US Pat.
Appin. Publn. Nos. US 2009/0061484, US 2008/0057541,
and US 2009/0209009, each of which is incorporated herein
by reference in their entireties). In some embodiments,
mixtures of purified naturally occurring or recombinant
enzymes are combined with cellulosic feedstock or a prod-
uct of cellulose hydrolysis. Alternatively or in addition, one
or more cell populations, each producing one or more
naturally occurring or recombinant cellulases, are combined
with cellulosic feedstock or a product of cellulose hydroly-
sis.

In some embodiments, the enzyme mixture comprises
commercially available purified cellulases. Commercial cel-
Iulases are known and available (e.g., C2730 cellulase from
Trichoderma reesei ATCC No. 25921 available from Sigma-
Aldrich, Inc.).

In some embodiments, the enzyme mixture comprises at
least one variant beta-xylosidase as provided herein and at
least one or more cellobiohydrolase type la such as a
CBHla, CBH2b, endoglucanase (EG) such as a type 2
endoglucanase (EG2) or type 1 endoglucanase (EG1), p-glu-
cosidase (Bgl), and/or a glycoside hydrolase 61 protein
(GH61). In some embodiments, at least about 5%, at least
about 6%, at least about 7%, at least about 8%, at least about
9%, at least about 10%, at least about 11%, at least about
12%, at least about 13%, at least about 14%, at least about
15%, at least about 20%, at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about
45%, or at least about 50% of the enzyme mixture comprises
at least one variant beta-xylosidase. In some embodiments,
the enzyme mixture further comprises at least one cellobio-
hydrolase type 1 (e.g., CBH1a), cellobiohydrolase type 2
(e.g., CBH2b), and at least one variant beta-xylosidase,
wherein the enzymes together comprise at least about 25%,
at least about 30%, at least about 35%, at least about 40%,
at least about 45%, at least about 50%, at least about 55%,
at least about 60%, at least about 65%, at least about 70%,
at least about 75%, or at least about 80% of the enzyme
mixture. In some embodiments, the enzyme mixture further
comprises at least one f-glucosidase (Bgl), at least one
variant beta-xylosidase, CBH1a, and CBH2b, wherein the
four enzymes together comprise at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least
about 50%, at least about 55%, at least about 60%, at least
about 65%, at least about 70%, at least about 75%, at least
about 80%, or at least about 85% of the enzyme mixture. In
some embodiments, the enzyme mixture further comprises
at least one additional endoglucanase (e.g., EG2 and/or
EG1), variant beta-xylosidase, xylananse, CBH2b, CBHl1a,
and/or Bgl, wherein the five enzymes together comprise at
least about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60%, at
least about 65%, at least about 70%, at least about 75%, at
least about 80%, at least about 85%, or at least about 90%
of the enzyme mixture.

In some embodiments, the enzyme mixture comprises at
least one or a combination of beta-xylosidase variants,
CBH2b, CBH1a, Bgl, EG2, EG1, xyalanases, and/or glyco-
side hydrolase 61 protein (GH61), in any suitable proportion
for the desired reaction. In some embodiments, the enzyme
mixture composition comprises isolated cellulases in the
following proportions by weight (wherein the total weight of
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the cellulases is 100%): about 20% to about 0.5% of
xylanase and/or beta-xylosidase (e.g., variant beta-xylosi-
dase), about 20% to about 10% of Bgl, about 30% to about
15% of CBH1a, about 50% to about 0% of GH61, and about
10% to about 25% of CBH2b. In some embodiments, the
enzyme mixture composition comprises isolated cellulases
in the following proportions by weight: about 20% to about
1% of variant beta-xylosidase, about 25% to about 15% of
Bgl, about 20% to about 30% of CBH1a, about 10% to about
15% of GH61, and about 25% to about 30% of CBH2b. In
some embodiments, the enzyme mixture composition com-
prises isolated cellulases in the following proportions by
weight: about 1% to about 15% of variant beta-xylosidase,
about 20% to about 25% of Bgl, about 30% to about 20% of
CBHI1a, about 15% to about 5% of GH61, and about 25% to
about 35% of CBH2b. In some embodiments, the enzyme
mixture composition comprises isolated cellulases in the
following proportions by weight: about 15% to about 5% of
variant beta-xylosidase, about 15% to about 10% of Bgl,
about 45% to about 30% of CBH1a, about 25% to about 5%
of GH61, and about 40% to about 10% of CBH2b. In some
embodiments, the enzyme mixture composition comprises
isolated cellulases in the following proportions by weight:
about 10% of variant beta-xylosidase, about 15% of Bgl,
about 40% of CBH1a, about 25% of GH61, and about 10%
of CBH2b. In some further embodiments, the enzyme mix-
ture comprises cellulases in the following proportions: about
2% to about 100% xylanase and/or xylosidase (e.g., variant
beta-xylosidase), about 0% to about 35% Bgl, about 0% to
about 75% CBHI1 (i.e., CBH1a and/or b), about 0% to about
75% CBH2 (i.e., CBH2a and/or CBH2b), about 0% to about
50% EG (i.e., EG2 and/or EG1, etc.), and/or about 0% to
about 50% GH61 (i.e., GH6la, etc.). In some additional
embodiments, the enzyme compositions comprise further
enzymes.

In some embodiments, the enzyme mixture comprises
isolated cellulases in the following proportions by weight:
about 12% variant beta-xylosidase, about 33% GH61, about
10% Bgl, about 22% CBH1a, and about 23% CBH2b/EG2.
In some other embodiments, the enzyme mixture comprises
cellulases in the following proportions by weight: about 9%
variant beta-xylosidase, about 9% EG2, about 28% GH61,
about 10% about BGL1, about 30% CBH1a, and about 14%
CBH2b. It is not intended that the present invention be
limited to any specific proportions of enzymes, as the
mixture compositions will vary, depending upon their
intended use. Those of skill in the art know how to formulate
the mixtures to provide optimal activity, performance and
results. In some embodiments, additional enzymes, such as
other cellulases, xyalanases, esterases, amylases, proteases,
glucoamylases, etc., are included in the enzyme mixtures.
Indeed, it is not intended that the present invention be
limited to any particular enzyme composition and/or any
particular additional enzymes, as any suitable enzyme and/
or composition find use in the present invention. It is also not
intended that the present invention be limited to any par-
ticular combinations nor proportions of cellulases in the
enzyme mixture, as any suitable combinations of cellulases
and/or proportions of cellulases find use in various embodi-
ments of the invention. In addition to the use of a single
variant beta-xylosidase, any combination of variant beta-
xylosidases provided herein find use in these embodiments.

In some embodiments, the enzyme component comprises
more than one CBH2b, CBHl1a, EG, Bgl, and/or GH61
enzyme (e.g., 2, 3, 4 or more different variants of one or
more of these enzymes) in addition to at least one variant
beta-xylosidase, in any suitable combination. In some
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embodiments, an enzyme mixture composition of the inven-
tion further comprises at least one additional protein and/or
enzyme. In some embodiments, enzyme mixture composi-
tions of the present invention further comprise at least one
additional enzyme other than Bgl, CBHla, GH61, and/or
CBH2b. In some embodiments, the enzyme mixture com-
positions of the invention further comprise at least one
additional cellulase, other than the variant beta-xylosidase,
EG2, EG1, Bgl, CBHla, GH61, and/or CBH2b recited
herein. In some embodiments, the variant beta-xylosidase
polypeptide of the invention is also present in mixtures with
non-cellulase enzymes that degrade cellulose, hemicellu-
lose, pectin, and/or lignocellulose.

In some embodiments, a variant beta-xylosidase polypep-
tide of the present invention is used in combination with
other optional ingredients such as at least one buffer, sur-
factant, and/or scouring agent. In some embodiments, at
least one buffer is used with the variant beta-xylosidase
polypeptide of the present invention (optionally combined
with other enzymes) to maintain a desired pH within the
solution in which the variant beta-xylosidase is employed.
The exact concentration of buffer employed depends on
several factors which the skilled artisan can determine.
Suitable buffers are well known in the art. In some embodi-
ments, at least one surfactant is used in with the variant
beta-xylosidase(s) of the present invention. Suitable surfac-
tants include any surfactant compatible with the variant
beta-xylosidase(s) and, optionally, with any other enzymes
being used in the mixture. Exemplary surfactants include
anionic, non-ionic, and ampholytic surfactants. Indeed, it
indeed that any suitable surfactant will find use in the present
invention. Suitable anionic surfactants include, but are not
limited to, linear or branched alkylbenzenesulfonates; alkyl
or alkenyl ether sulfates comprising linear or branched alkyl
groups or alkenyl groups; alkyl or alkenyl sulfates; olefin-
sulfonates; alkanesulfonates, and the like. Suitable counter
ions for anionic surfactants include, for example, alkali
metal ions, such as sodium and potassium; alkaline earth
metal ions, such as calcium and magnesium; ammonium
ion; and alkanolamines comprising from 1 to 3 alkanol
groups of carbon number 2 or 3. Ampholytic surfactants
suitable for use in the practice of the present invention
include, for example, quaternary ammonium salt sulfonates,
betaine-type ampholytic surfactants, and the like. Suitable
nonionic surfactants generally include polyoxalkylene
ethers, as well as higher fatty acid alkanolamides or alkylene
oxide adduct thereof, fatty acid glycerine monoesters, and
the like. Mixtures of surfactants also find use in the present
invention, as is known in the art.

The foregoing and other aspects of the invention may be
better understood in connection with the following non-
limiting examples.

EXPERIMENTAL

The present invention is described in further detail in the
following Examples, which are not in any way intended to
limit the scope of the invention as claimed.

In the experimental disclosure below, the following
abbreviations apply: ppm (parts per million); M (molar);
mM (millimolar), uM and uM (micromolar); nM (nanomo-
lar); mol (moles); gm and g (gram); mg (milligrams); ug and
ng (micrograms); L and 1 (liter); ml and mL (milliliter); ul,
ul,, ul., and pl (microliter); cm (centimeters); mm (millime-
ters); um and pm (micrometers); sec. and ““ ” (i.e., quote
symbol) (seconds); min(s) and “°” (i.e., an apostrophe)
(minute(s)); h(s) and hr(s) (hour(s)); U (units); MW (mo-
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lecular weight); rpm (rotations per minute); rt (room tem-
perature); © C. (degrees Centigrade); DNA (deoxyribo-
nucleic acid); RNA (ribonucleic acid); HPLC (high pressure
liquid chromatography); MES (2-N-morpholino ethanesul-
fonic acid); LB (Luria Broth; commercially available from
numerous sources, such as Sigma-Aldrich, Invitrogen, etc.);
Cascade (Cascade Analytical Reagents and Biochemicals,
Corvallis, Oreg.); Calbiochem (Calbiochem, available from
EMD Millipore Corp., Billerica, Mass.); Finnzymes
(Finnzymes, part of Thermo Fisher Scientific, Lafayette,
Colo.); NEB (New England Biolabs, Ipswich, Mass.);
Megazyme (Megazyme International Ireland, Ltd., Wick-
low, Ireland); Sigma-Aldrich (Sigma-Aldrich, St. Louis,
Mo.); Infors (Infors AG, Bottminger/Basel, Switzerland);
Difco (Difco Laboratories, BD Diagnostic Systems, Detroit,
Mich.); KapaBiosystems (KapaBiosystems, Inc., Woburn,
Mass.); Invitrogen (Invitrogen, Life Technologies, Grand
Island, N.Y.); Stratagene (Stratagene, now an Agilent Tech-
nologies company); Agilent (Agilent Technologies, Inc.,
Santa Clara, Calif.); Molecular Devices (Molecular Devices,
Sunnyvale, Calif.); Symbio (Symbio, Inc., Menlo Park,
Calif.); USBio (US Biological, Swampscott, Mass.); Qiagen
(Qiagen Inc., Germantown, Md.); and Bio-Rad (Bio-Rad
Laboratories, Hercules, Calif.).
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Various culture media find use in the present invention.
Indeed, any suitable media known in the art for growing
filamentous fungi such as M. thermophila find use (See e.g.,
Berka et al., Nat. Biotechnol., 29:922-927 [2011). Strain
CF-410 is a derivative of a wild-type M. thermophila C1
strain ~ with  alpl and pyrS  deleted (e,
UV18#100fAalpl ApyrS5). Strain CF-415 is a M. thermophila
strain developed from CF-410, having an overexpressed
recombinant beta-glucosidase, an overexpressed M. thermo-
phila wild-type GH61a, and deleted cdhl and cdh2 genes.
The beta-glucosidase is described in U.S. Pat. No. 8,143,
050; the wild-type GH6la is described in U.S. patent
application Ser. No. 13/215,193, filed Aug. 22, 2011, and the
cdhl and cdh2 deletions are described in U.S. patent appli-
cation Ser. No. 13/286,972, filed Nov. 1, 2011; all of which
are incorporated by reference in their entireties.

The polypeptide and polynucleotide sequence of the wild-
type M. thermophila C1 beta-xylosidase are provided below.
Wild-type beta-xylosidase cDNA (SEQ ID NO:1) and amino
acid (SEQ ID NO:2) sequences are provided below. SEQ ID
NO:3 provides the sequence of the beta-xylosidase, without
the signal sequence. SEQ ID NOS:84 and 85 are polynucle-
otide and polypeptide sequences (respectively) of a cloned
cDNA M. thermophila beta-xylosidase (“bxyl8-233”).

Beta-xylosidase WT1:

(SEQ ID NO:
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGALC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGT
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGTC
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGT CACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGG
CGGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGLCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGC
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGG
GCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGATCAGGACG
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCG
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTTCGTG
TCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCGGGCGT
GCGGGCTAAAGGGGAAGGGCGGGACGGGCGCCGGCGACGGCGACGTCGCCACCACTACCG
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAACTCCACCGCC
AGGGGGAGGCACAGG

(SEQ ID NO:
MKASVSCLVGMSAVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSSTSFPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGSETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVISTCKHYAGNDFEDWNGTTRHDFDAVISAQDLAEYYLAPFQQCAR

2)
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-continued
DSRVGSVMCAYNAVNGYVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGS SDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

(SEQ ID NO: 3)

LDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALYAALTDEEKLONLY SKAPGAPRI GLPAYNW
WSEALHGVAHAPGTQFRDGPGDFNS STSFPMPLLMAAAFDDEL I EAVGDVIGTEARAFGNAGH
SGLDYWTPNVNPFRDPRWGRGSETPGEDVVRLKRYAASMIRGLEGRS SSSSSCSFGSGGEPPRYVI
STCKHYAGNDFEDWNGT TRHDFDAV I SAQDLAEY YLAPFQQCARDSRVGSVMCAYNAVNGVP
SCANSYLMNTILRGHWNWTEHDNYVTSDCEAVLDVSAHHHYAD TNAEGTGLCFEAGMDTS CE
YEGSSDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALR
AAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMI GFWADAPDKLFGGYSGAPPFARSPAS
AARQLGWNVTVAGGPVLEGDSDEEEDTWTAPAVEAAADADYIVYFGGLD TS AAGETKDRMTT
GWPAAQLALISELARLGKPVVVVQMGDQLDDTPLFELDGVGAV LWANWPGQDGGTAVVRLLS
GAESPAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHY TTFRAEFG
PHPFFPGAGKGDGDGEDKGESKSETRTQOOQQOQQQORRAAAAAT TP IRDLLRDCDKTYPDTCP
LPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGTGAGDGDVATTT
VSLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TARG

64

RHR

Beta-Xylosidase Variants:

genomic (i.e., introns are included), except

for

The following sequences are the polynucleotide and poly- 23 Variant V235L and Variant G347Q/G449N; these sequences

peptide of some beta-xylosidase variants provided by the

following invention. These polynucleotide sequences are sequence.

Variant 985:

(SEQ ID NO:
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGEC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGCGCGC
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGAT
GGCCGCCGCCTTCGACGACGAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGC
CCGCGCCTTTGGCAACGCCGGCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTGGGGCCGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGGGAGCCGCCGCGCGTCATCTCGACCTGCAAGCACTACGC
CGGCAACGACTTTGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGCCGTTCCAGCAGTGCGCGCGCGACTCGCG
CGTCGGCTCCGTCATGTGCGCCTACAACGCCGTCAACGGGGTGCCGTCGTGCGCCAACTC
GTACCTCCTGAACACGATCCTGCGCGGGCACTGGAACTGGACCGAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAA
CGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGG
CTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCCTGACCTGGCCCGCCGTCGACCG
CGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGCTACTTTGACGGCCCCGAGTC
GCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGG
CTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGC
GCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGTCGCCGGAGGGCC
CGTCCTGGAGGGAGACT CGGACGAGGAGGAGGACACGTGGACGGCGCCGGCCETCGAGGC
GGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGGCGGCGGGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCAAGCCCGTCETGGTGGTGCAGATGGGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCCAGGACGG
CGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGCCGCCTGCCCET
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTCGG
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGG
GGCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGAT CAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTT
CGTGTCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCG
GGCGCGCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCAL
TACCGTCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACAC

were machine reverse translated from the polypeptide

4)
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AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCETCETGCTCGACCAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDEFNS STSFPMPLLMAAR
FDDELIEAVGDV IGTEARAFGNAGWSGLDYWT PNVNPFRDPRWGRGS ETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVISTCKHYAGND FEDWNGT TRHDEFDAVI SAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVP SCANSYLLNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTGLCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNV TVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDT SAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANWPGODGGTAVVRLLSGAESPAGRLPVTQY
PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK
GDGDGEDKGESKSEIRTQOOQQQOQQORRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant 983:

(SEQ ID
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGEC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGCGCGC
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGAT
GGCCGCCGCCTTCGACGACGAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGT
CCGCGCCTTTGGCAACGCCGGCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTGGGGCCGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGGGAGCCGCCGCGCGTCATCGCGACCTGCAAGCACTACGC
CGGCTATGACTTTGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGCCGTTCCAGCAGTGCGCGCGCGACTCGCG
CGTCGGCTCCGTCATGTGCGCCTACAACGCCGTCAACGGGGTGCCGTCGTGCGCCAACTC
GTACCTCCTGAACACGATCCTGCGCGGGCACTGGAACTGGACCGAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAA
CGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGG
CTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCCTGACCTGGCCCGCCGTCGACCG
CGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGCTACTTTGACGGCCCCGAGTC
GCCGCACGCCTCGCTGGGCTGGGCCGACGT CAACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCGTGCTGCT CAAGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGG
CTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGC
GCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGTCGCCGGAGGGCC
CGTCCTGGAGGGAGACT CGGACGAGGAGGAGGACACGTGGACGGCGCCGGCCGETCGAGGC
GGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGGCGGCGGGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTATCCGGGCCAGGACGG
CGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGCCGCCTGCCCET
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTCGG
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGG
GGCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGATCAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGETCCGACTACGTGGTGCTGGCCTT
CGTGTCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCG
GGCGCGCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCAL
TACCGTCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACAC
AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDEFNS STSFPMPLLMAAR
FDDELIEAVGDV IGTEARAFGNAGWSGLDYWT PNVNPFRDPRWGRGS ETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVIATCKHYAGYDFEDWNGT TRHDEFDAVI SAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVP SCANSYLLNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTGLCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNV TVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDT SAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANY PGODGGTAVVRLLSGAESPAGRLPVTQY
PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK

NO:

NO:

NO:

66
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GDGDGEDKGESKSEIRTQOOQQQOQQQRRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant 963:

(SEQ ID
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGEC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGCGCGC
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGATTCTGAT
GGCCGCCGCCTTCGACGACGAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGT
CCGCGCCTTTGGCAACGCCGGCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTGGGGCCGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGGGAGCCGCCGCGCGTCATCGCGACCTGCAAGCACTACGC
CGGCAACGACTTTGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGCCGTTCCAGCAGTGCGCGCGCGACTCGCG
CGTCGGCTCCGTCATGTGCGCCTACAACGCCGTCAACGGGGTGCCGTCGTGCGCCAACTC
GTACCTCCTGAACACGATCCTGCGCGGGCACTGGAACTGGACCGAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAA
CGCCGAGGGCACCGCGCTCTGCTTCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGG
CTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCCTGACCTGGCCCGCCGTCGACCG
CGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGCTACTTTGACGGCCCCGAGTC
GCCGCACGCCTCGCTGGGCTGGGCCGACGT CAACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCGTGCTGCT CAAGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGG
CTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGC
GCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGTCGCCGGAGGGCC
CGTCCTGGAGGGAGACT CGGACGAGGAGGAGGACACGTGGACGGCGCCGGCCGETCGAGGC
GGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGGCGGCGGGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTATCCGGGCCAGGACGG
CGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGCCGCCTGCCCET
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTCGG
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGG
GGCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGATCAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGETCCGACTACGTGGTGCTGGCCTT
CGTGTCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCG
GGCGCGCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCAL
TACCGTCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACAC
AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNS STSFPMPILMAAR
FDDELIEAVGDV IGTEARAFGNAGWSGLDYWT PNVNPFRDPRWGRGS ETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVIATCKHYAGND FEDWNGT TRHDEFDAVI SAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVP SCANSYLLNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTALCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNV TVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDT SAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANY PGODGGTAVVRLLSGAESPAGRLPVTQY
PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK
GDGDGEDKGESKSEIRTQOOQQQOQQORRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant 873:

NO:

NO:

(SEQ ID NO:

ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGLCGCGL
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGATTCTGAT
GGCCGCCGCCTTCGACGACGAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGC

10)

68
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CCGCGCCTTTGECAACGCCEGCTGGTCCGGCC TCGACTAC TGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTEEEGCCECEECTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGEC TCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGEGAGCCGCCECGCET CATCGCGACCTGCAAGCACTACGT
CGGCAACGACTT TGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGC CGTTCCAGCAGTGCGCGCGCGACTCGCE
CGTCGGECTCCGTCATGTGCGCCTACAACGCCGTCARCGGGGTGCCGTCGTGCGCCAACTC
GTACCTCATGAACACGATCCTGCGCGGGCACTGGAACTGGACCCAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAR
CGCCGAGGGCACCEGCCTCTGCT TCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGE
CTCCTCCGACATCCCGGECGCCTCCECCGGCEGCTTCCTGACCTGGCCCGCCEGTCGACCE
CGCCCTGACGCEGCTETACCGGAGCCTGGTGCGGET CGGCTACTT TGACGGCCCCGAGTC
GCCGCACGCCTCGCTGEGC TGEGCCGACGTCARACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCEGTGCTGCTCARGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGE
CTTCTGGGCCGACGCCCCGCACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGE
GCGCTCGCCCGCGAGCGCCGCCCGGECAGCTGEGECTGGAACGTCACGETCGCCGGAGGGCT
CGTCCTGCAGGCAGACTCGCACGAGGAGGAGGACACGTGGACGGCGCCGGCCETCGAGGT
GGCCGCCGACGCCGACTACATCEGTCTACTTTGGCGGCCTGGACACGT CGGCGGCGEGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCEECECAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCARGCCCGTCETGETGGETGCAGATGEGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGETGEGCECCETCCTGTGGGCCAACTGGCCGGGCCAGGACGE
CGGCACGECCETGETCCGECTECTCAGCGGCGCCGAGAGC CCGGCCGGECCGCCTGCCCGT
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCCACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGEGACCTACCGCTGETACCCGACT CCCGTCCGGCCCTTCGE
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGE
GGCGGGCARGGGCCATGGCGACGGCGAGGACARGGGCGAGAGCAAGAGCGAGATCAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGECGGCEGCEECGECCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGETGCTGGCCTT
CGTGTCGEGCCAGTACGGGCCGECGCCETACCCGAT CAAGACGCTGGTC TCGTACGCGCE
GGCGCGCGEGCTARAGGGCAAGGGCGECGACGGCCACGECGACGGCGACGECGCCACCAC
TACCGTCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACAC
AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCETCETGCTCGACCAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID NO: 11)

MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNS STSFPMPILMAAR
FDDELIEAVGDV IGTEARAFGNAGWSGLDYWT PNVNPFRDPRWGRGS ETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVIATCKHYAGND FEDWNGT TRHDEFDAVI SAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVP SCANSYLMNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTGLCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNV TVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDT SAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANWPGODGGTAVVRLLSGAESPAGRLPVTQY
PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK
GDGDGEDKGESKSEIRTQOOQQQOQQORRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant 989:

(SEQ ID NO: 12)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGEC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGCGCGC
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGGCGACGTCGTTCCCGATGCCGCTGCTGAT
GGCCGCCGCCTTCGACGACGAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGT
CCGCGCCTTTGGCAACGCCGGCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTGGGGCCGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGGGAGCCGCCGCGCGTCATCGCGACCTGCAAGCACTACGC
CGGCAACGACTTTGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGCCGTTCCAGCAGTGCGCGCGCGACTCGCG
CGTCGGCTCCGTCATGTGCGCCTACAACGCCGTCAACGGGGTGCCGTCGTGCGCCAACTC
GTACCTCCTGAACACGATCCTGCGCGGGCACTGGAACTGGACCGAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAA
CGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGG
CTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCCTGACCTGGCCCGCCGTCGACCG
CGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGCTACTTTGACGGCCCCGAGTC
GCCGCACGCCTCGCTGGGCTGGGCCGACGT CAACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCGTGCTGCT CAAGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGG
CTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGC
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GCGCTCGCCCGCGAGCGCCGCCCGGECAGCTCGEGCTGGAACGTCACGETCGCCGGAGGGCT
CGTCCTGCAGGCAGACTCGCACGAGGAGGAGGACACGTGGACGGCGCCGGCCETCGAGGT
GGCCGCCGACGCCGACTACATCEGTCTACTTTGGCGGCCTGGACACGT CGGCGGCGEGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCEECECAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCARGCCCGTCETGETGGETGCAGATGEGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGETEEGCECCETCCTGTGGGCCAACTATCCGGGCCAGGACGE
CGGCACGECCETGETCCGECTECTCAGCGGCGCCGAGAGC CCGGCCGGECCGCCTGCCCGT
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCCACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGEGACCTACCGCTGETACCCGACT CCCGTCCGGCCCTTCGE
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGE
GGCGGGCARGGGCCATGGCGACGGCGAGGACARGGGCGAGAGCAAGAGCGAGATCAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGECGGCEGCEECGECCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGETGCTGGCCTT
CGTGTCGEGCCAGTACGGGCCGECGCCETACCCGAT CAAGACGCTGGTC TCGTACGCGCE
GGCGCGCGEGCTARAGGGCAAGGGCGECGACGGCCACGECGACGGCGACGECGCCACCAC
TACCGTCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACAC
AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCETCETGCTCGACCAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID NO: 13)

MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSATSFPMPLLMAAR
FDDELIEAVGDV IGTEARAFGNAGWSGLDYWT PNVNPFRDPRWGRGS ETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVIATCKHYAGND FEDWNGT TRHDEFDAVI SAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVP SCANSYLLNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTGLCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNY TVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDT SAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANY PGODGGTAVVRLLSGAESPAGRLPVTQY
PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK
GDGDGEDKGESKSEIRTQOOQQQOQQORRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant 902:

(SEQ ID NO: 14)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGEC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGCGCGC
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGAT
GGCCGCCGCCTTCGACGACGAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGT
CCGCGCCTTTGGCAACGCCGGCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTGGGGCCGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGGGAGCCGCCGCGCGTCATCGCGACCTGCAAGCACTACGC
CGGCTATGACTTTGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGCCGTTCCAGCAGTGCGCGCGCGACTCGCG
CGTCGGCTCCGTCATGTGCGCCTACAACGCCGTCAACGGGGTGCCGTCGTGCGCCAACTC
GTACCTCATGAACACGATCCTGCGCGGGCACTGGAACTGGACCGAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAA
CGCCGAGGGCACCGCGCTCTGCTTCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGG
CTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCCTGACCTGGCCCGCCGTCGACCG
CGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGCTACTTTGACGGCCCCGAGTC
GCCGCACGCCTCGCTGGGCTGGGCCGACGT CAACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCGTGCTGCT CAAGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGG
CTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGC
GCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGTCGCCGGAGGGCC
CGTCCTGGAGGGAGACT CGGACGAGGAGGAGGACACGTGGACGGCGCCGGCCGETCGAGGC
GGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGGCGGCGGGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCCAGGACGG
CGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGCCGCCTGCCCET
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTCGG
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGG
GGCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGATCAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGETCCGACTACGTGGTGCTGGCCTT
CGTGTCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCG
GGCGCGCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCAL
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TACCGTCTCGCTCGACTGGACCGTCGGCAACC TGGCCCGCCACGACGAGCGCGGCAACAC
AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCETCETGCTCGACCAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID NO: 15)

MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDEFNS STSFPMPLLMAAR
FDDELIEAVGDV IGTEARAFGNAGWSGLDYWT PNVNPFRDPRWGRGS ETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVIATCKHYAGYDFEDWNGT TRHDEFDAVI SAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVP SCANSYLMNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTALCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNY TVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDT SAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANWPGODGGTAVVRLLSGAESPAGRLPVTQY
PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK
GDGDGEDKGESKSEIRTQOOQQQOQQORRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant 914:

(SEQ ID NO: 16)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGEC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGCGCGC
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGATTCTGAT
GGCCGCCGCCTTCGACGACGAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGT
CCGCGCCTTTGGCAACGCCGGCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTGGGGCCGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGGGAGCCGCCGCGCGTCATCTCGACCTGCAAGCACTACGC
CGGCTATGACTTTGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGCCGTTCCAGCAGTGCGCGCGCGACTCGCG
CGTCGGCTCCGTCATGTGCGCCTACAACGCCGTCAACGGGGTGCCGTCGTGCGCCAACTC
GTACCTCATGAACACGATCCTGCGCGGGCACTGGAACTGGACCGAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAA
CGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGG
CTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCCTGACCTGGCCCGCCGTCGACCG
CGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGCTACTTTGACGGCCCCGAGTC
GCCGCACGCCTCGCTGGGCTGGGCCGACGT CAACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCGTGCTGCT CAAGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGG
CTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGC
GCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGTCGCCGGAGGGCC
CGTCCTGGAGGGAGACT CGGACGAGGAGGAGGACACGTGGACGGCGCCGGCCGETCGAGGC
GGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGGCGGCGGGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTATCCGGGCCAGGACGG
CGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGCCGCCTGCCCET
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTCGG
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGG
GGCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGATCAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGETCCGACTACGTGGTGCTGGCCTT
CGTGTCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCG
GGCGCGCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCAL
TACCGTCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACAC
AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID NO: 17)
MKASVSCLVGMSAVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWSEALHGVAHAPGTQFRDGPGDFNSSTSFPMPILMAAA
FDDELIEAVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGSETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVISTCKHYAGYDFEDWNGT TRHDFDAVISAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVPSCANSYLMNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTGLCFEAGMDTSCEYEGSSDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPESPHASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNVTVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDTSAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANYPGODGGTAVVRLLSGAESPAGRLPVTQY
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PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK

GDGDGEDKGESKSEIRTQOOQQQOQQORRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant 016:

(SEQ ID NO: 18)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGEC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGCGCGC
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGATTCTGAT
GGCCGCCGCCTTCGACGACGAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGT
CCGCGCCTTTGGCAACGCCGGCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTGGGGCCGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGGGAGCCGCCGCGCGTCATCTCGACCTGCAAGCACTACGC
CGGCTATGACTTTGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGCCGTTCCAGCAGTGCGCGCGCGACTCGCG
CGTCGGCTCCGTCATGTGCGCCTACAACGCCGTCAACGGGGTGCCGTCGTGCGCCAACTC
GTACCTCATGAACACGATCCTGCGCGGGCACTGGAACTGGACCGAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAA
CGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGG
CTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCCTGACCTGGCCCGCCGTCGACCG
CGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGCTACTTTGACGGCCCCGAGTC
GCCGCACGCCTCGCTGGGCTGGGCCGACGT CAACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCGTGCTGCT CAAGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGG
CTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGC
GCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGTCGCCGGAGGGCC
CGTCCTGGAGGGAGACT CGGACGAGGAGGAGGACACGTGGACGGCGCCGGCCGETCGAGGC
GGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGGCGGCGGGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTATCCGGGCCAGGACGG
CGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGCCGCCTGCCCET
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTCGG
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGG
GGCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGATCAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGETCCGACTACGTGGTGCTGGCCTT
CGTGTCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCG
GGCGCGCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCAL
TACCGTCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACAC
AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID NO: 19)

MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNS STSFPMPILMAAR
FDDELIEAVGDV IGTEARAFGNAGWSGLDYWT PNVNPFRDPRWGRGS ETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVISTCKHYAGYDFEDWNGT TRHDEFDAVI SAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVP SCANSYLMNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTGLCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNV TVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDT SAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANY PGODGGTAVVRLLSGAESPAGRLPVTQY
PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK
GDGDGEDKGESKSEIRTQOOQQQOQQORRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant 920:

(SEQ ID NO: 20)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGEC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGCGCGC
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGAT
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GGCCGCCGCCTTCGACGACGAGC TGATCGAGGCCGT CGGCGACGTCATCGGCACCGAGGT
CCGCGCCTTTGECAACGCCGGCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTEEEGCCECEECTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGEC TCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGEGAGCCGCCECGCET CATCGCGACCTGCAAGCACTACGT
CGGCTATGACTT TGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGC CGTTCCAGCAGTGCGCGCGCGACTCGCE
CGTCGGECTCCGTCATGTGCGCCTACAACGCCGTCARCGGGGTGCCGTCGTGCGCCAACTC
GTACCTCCTGAACACGATCCTGCGCGGGCACTGGAACTGGACCCAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAR
CGCCGAGGGCACCEGCCTCTGCT TCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGE
CTCCTCCGACATCCCGGECGCCTCCECCGGCEGCTTCCTGACCTGGCCCGCCEGTCGACCE
CGCCCTGACGCEGCTETACCGGAGCCTGGTGCGGET CGGCTACTT TGACGGCCCCGAGTC
GCCGCACGCCTCGCTGEGC TGEGCCGACGTCARACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCEGTGCTGCTCARGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGE
CTTCTGGGCCGACGCCCCGCACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGE
GCGCTCGCCCGCGAGCGCCGCCCGGECAGCTGEGECTGGAACGTCACGETCGCCGGAGGGCT
CGTCCTGCAGGCAGACTCGCACGAGGAGGAGGACACGTGGACGGCGCCGGCCETCGAGGT
GGCCGCCGACGCCGACTACATCEGTCTACTTTGGCGGCCTGGACACGT CGGCGGCGEGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCEECECAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCARGCCCGTCETGETGGETGCAGATGEGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGETEEGCECCETCCTGTGGGCCAACTATCCGGGCCAGGACGE
CGGCACGECCETGETCCGECTECTCAGCGGCGCCGAGAGC CCGGCCGGECCGCCTGCCCGT
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCCACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGEGACCTACCGCTGETACCCGACT CCCGTCCGGCCCTTCGE
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGE
GGCGGGCARGGGCCATGGCGACGGCGAGGACARGGGCGAGAGCAAGAGCGAGATCAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGECGGCEGCEECGECCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGETGCTGGCCTT
CGTGTCGEGCCAGTACGGGCCGECGCCETACCCGAT CAAGACGCTGGTC TCGTACGCGCE
GGCGCGCGEGCTARAGGGCAAGGGCGECGACGGCCACGECGACGGCGACGECGCCACCAC
TACCGTCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACAC
AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCETCETGCTCGACCAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID NO: 21)

MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDEFNS STSFPMPLLMAAR
FDDELIEAVGDV IGTEARAFGNAGWSGLDYWT PNVNPFRDPRWGRGS ETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVIATCKHYAGYDFEDWNGT TRHDEFDAVI SAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVP SCANSYLLNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTGLCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNV TVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDT SAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANY PGODGGTAVVRLLSGAESPAGRLPVTQY
PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK
GDGDGEDKGESKSEIRTQOOQQQOQQORRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant 949:

(SEQ ID NO: 22)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGEC
CCTTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGAC
CGGACACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAG
AAGCTGCAAAACCTGGTCAGGTATGTATGCGGAGAGAGAGAAACACACACACACGCGCGC
GCGCACACACACACACACACACACTCTCTCTCTCTCTCTCTCGCGTACCATGGGTGCCGT
CTGACGTTTTCCCTTTGTCTCTGTGTCCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCT
GCCCGCGTACAACTGGTGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCA
GTTCCGCGACGGGCCGGGGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGAT
GGCCGCCGCCTTCGACGACGAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGT
CCGCGCCTTTGGCAACGCCGGCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCC
CTTCCGGGACCCCCGCTGGGGCCGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCT
CAAGCGCTACGCCGCCTCCATGATCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTC
CTGCTCCTTCGGATCCGGAGGGGAGCCGCCGCGCGTCATCTCGACCTGCAAGCACTACGC
CGGCTATGACTTTGAGGACTGGAACGGCACGACGCGGCACGACTTCGACGCCGTCATCTC
GGCGCAGGACCTGGCCGAGTACTACCTGGCGCCGTTCCAGCAGTGCGCGCGCGACTCGCG
CGTCGGCTCCGTCATGTGCGCCTACAACGCCGTCAACGGGGTGCCGTCGTGCGCCAACTC
GTACCTCATGAACACGATCCTGCGCGGGCACTGGAACTGGACCGAGCACGACAACTACGT
CACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGGCCCACCACCACTACGCCGACACCAA
CGCCGAGGGCACCGCGCTCTGCTTCGAGGCCGGCATGGACACGAGCTGCGAGTACGAGGG
CTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCCTGACCTGGCCCGCCGTCGACCG
CGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGCTACTTTGACGGCCCCGAGTC
GCCGCACGCCTCGCTGGGCTGGGCCGACGT CAACCGGCCCGAGGCGCAGGAGCTGGCCCT
GCGCGCTGCCGTCGAGGGCATCGTGCTGCT CAAGAACGACAACGACACGCTGCCGCTGCC
GCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCGCGTCGCCATGATCGG
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CTTCTGGGCCGACGCCCCGCACAAGCTGTTTGGCGGGTACAGCGGCGCGCCCCCCTTCGE
GCGCTCGCCCGCGAGCGCCGCCCGGECAGCTGEGECTGGAACGTCACGETCGCCGGAGGGCT
CGTCCTGCAGGCAGACTCGCACGAGGAGGAGGACACGTGGACGGCGCCGGCCETCGAGGT
GGCCGCCGACGCCGACTACATCEGTCTACTTTGGCGGCCTGGACACGT CGGCGGCGEGCGA
GACCAAGGACCGGATGACGATCGGGTGGCCGGCEECECAGCTGGCGCTCATCTCGGAGCT
GGCGCGGCTCGGCARGCCCGTCETGETGGETGCAGATGEGCGACCAGCTCGACGACACGCC
CCTCTTCGAGCTGGACGGGETEEGCECCETCCTGTGGGCCAACTATCCGGGCCAGGACGE
CGGCACGECCETGETCCGECTECTCAGCGGCGCCGAGAGC CCGGCCGGECCGCCTGCCCGT
GACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCCACATGACCCTGCGCCC
GTCGGCGACCAACCCGGGCCGEGACCTACCGCTGETACCCGACT CCCGTCCGGCCCTTCGE
CTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGE
GGCGGGCARGGGCCATGGCGACGGCGAGGACARGGGCGAGAGCAAGAGCGAGATCAGGAC
GCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGECGGCEGCEECGECCACCACGCT
GATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCC
GCTGACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGETGCTGGCCTT
CGTGTCGEGCCAGTACGGGCCGECGCCETACCCGAT CAAGACGCTGGTC TCGTACGCGCE
GGCGCGCGEGCTARAGGGCAAGGGCGECGACGGCCACGECGACGGCGACGECGCCACCAC
TACCGTCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACAC
AATCCTGTACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCA
GTTCGCCCTCGAGGGCGAGCCCETCETGCTCGACCAGTGGCCTGCGCCGCCGAGTGCCAA
CTCCACCGCCAGGGGGAGGCACAGGTAA

(SEQ ID NO:

MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEE
KLONLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDEFNS STSFPMPLLMAAR
FDDELIEAVGDV IGTEARAFGNAGWSGLDYWT PNVNPFRDPRWGRGS ETPGEDVVRLKRY
AASMIRGLEGRSSSSSSCSFGSGGEPPRVISTCKHYAGYDFEDWNGT TRHDEFDAVI SAQD
LAEYYLAPFQQCARDSRVGSVMCAYNAVNGVP SCANSYLMNTI LRGHWNWTEHDNYVTSD
CEAVLDVSAHHHYADTNAEGTALCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALT
RLYRSLVRVGYFDGPES PHAS LGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPD
DVVVTADGGRRRVAMIGFWADAPDKLFGGY SGAPPFARSPASAARQLGWNV TVAGGPVLE
GDSDEEEDTWTAPAVEAAADADY IVYFGGLDT SAAGETKDRMT IGWPAAQLALISELARL
GKPVVVVQMGDQLDDTPLFELDGVGAVLWANY PGODGGTAVVRLLSGAESPAGRLPVTQY
PANYTDAVPLTDMTLRPSATNPGRTYRWYPTPVRPFGFGLHYTTFRAEFGPHPFFPGAGK
GDGDGEDKGESKSEIRTQOOQQQOQQORRAAAAATTPIRDLLRDCDKTY PDTCPLPPLTV
RVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVS YARARGLKGKGGDGDGDGDGATTTVS
LDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALEGEPVVLDEWPAPPSANS TA
RGRHR

Variant V2091:

(SEQ ID NO:
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCATCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGC
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGG
CGGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGCTGGACGGGGETGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGEGCCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGC
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGG
GCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGAT CAGGACG
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCG
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTTCGTG
TCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCGGGCGLC
GCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCACTACCG
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT

23)

24)

80
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CGAGGGCGAGCCCETCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAACTCCACCGCC
AGGGCGGAGGCACAGE

(SEQ ID NO: 25)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRIISTCKHYAGNDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGS SDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant S211A:

(SEQ ID NO: 26)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCGCCACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGC
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGG
CGGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGCTGGACGGGGETGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGEGCCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGC
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGG
GCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGAT CAGGACG
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCG
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTTCGTG
TCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCGGGCGLC
GCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCACTACCG
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAACTCCACCGCC
AGGGGGAGGCACAGG

(SEQ ID NO: 27)
MKASVSCLVGMSAVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TSFPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWS GLDYWTPNVNPFRDPRWGRGSETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVIATCKHYAGNDFEDWNGT TRHDFDAVISAQDLAEYYLAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANSYLMNTILRGHWNWTEHDNYVTSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTS CEYEGSSDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPESPH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVV TADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY I
VYFGGLDTSAAGETKDRMT IGWPAAQLALISELARLGKPVVVVQMGDQLDD TPLFELDGVGAV
LWANWPGQDGGTAVVRLLSGAESPAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSE IR TQQOOQQQQQQRRAAAA
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TVSLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANSTARGRHR

82



US 9,476,077 B2
83

-continued

Variant S$211A/N219Y:

(SEQ ID NO: 28)
ATGAAGGCCTCTGTATCATGCCTCGTCGECATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATAT TAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGEGCGEECAGCCCTCGTGECAGCCCTGACCGACGAGGAGAAGCT
GCAARAACCTGGTCAGCAAGGCGCCGGEGGCEC CECEGATCGGCCTGCCCGCGTACARCTGG
TGGAGCGAGGCGCTGCACGEGETCGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGE
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCCACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCECCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGREET
CGCGGCTCCGAGACGCCEEECEAGGACGTCETGCGCCTCARGCGCTACGCCGCCTCCATGA
TCCGCGEGECTCEAGGETCETTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGT
CGCCGCGCGTCATCGCCACCTGCARGCACTACGCCGGCTACGACT TTGAGGAC TGGAACGGC
ACGACGCGGCACGACTTCGACGCCETCATC TCGGCGCAGGACC TGGCCGAGTACTACCTGGC
GCCGTTCCAGCAGTGCGCGCGCGACTCGCGCETCGGCTCCGTCATGTGCGCCTACAACGCCG
TCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTGE
AACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGE
CCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGECCTCTGCTTCGAGGCCGGCAT
GGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGECGCCTCCGCCEGGCGECTTCC
TGACCTGGCCCGCCETCGACCGCGEC CCTCACGCGECTGTACCGGAGCCTGGTGCGGGETCGGC
TACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGEGCTGGGCCGACGTCARCCGGCCCGA
GGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCCAGGGCATCGTGCTGCTCAAGAACGACAAC
GACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCECCG
CGTCGCCATGATCGGCT TCTGGGCCGACGCCCCGGACAAGCTGTT TGGCGGGTACAGCGGCE
CGCCCCCCTTCGCECEC TCECCCGCGAGCGCCGCCCEGCAGCTGGGCTGGAACGTCACGGTC
GCCGGAGGGCCCGTCCTGCAGGCAGAC TCGCACGAGGAGGAGGACACGTGGACGGCGCCE
GCCGTCGAGGCGECCGCCGACGCCGACTACATCGTC TACT TTGGCGGCC TGGACACGTCGGT
GGCGGGCGAGACCAAGGACCGGATGACGATCGGETGGCCEGCGECECAGCTGGCGCTCATC
TCGGAGCTGGECGCEGCTCGECAAGCCCETCETGGTGGTGCAGATGGGCGACCAGCTCGACE
ACACGCCCCTCTTCGAGCTGGACGEGGTGEGCGCCGTCCTGTCGGGECCAACTGGCCGGGCCA
GGACGGCGGCACGECCGTGETCCGGECTGCTCAGCGECECCGAGAGCCCGECCGECCGCCTG
CCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCG
CCCGTCGGCGACCAACCCGGGCCEGACCTACCGCTGETACCCGACTCCCGTCCGGCCCTTCG
GCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGREGE
CGGGCAAGGECCATGECGACGGCCAGGACAAGGGCCAGAGCAAGAGCGAGATCAGGACGT
AGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCEECGGCGGCCACCACGCCGA
TCCGGGACCTGCTCCGCGACTGCCACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCTE
ACGETGCGCGTGACCAACGAGGGCGAGCGCGCETCCGACTACGTGETGCTGGCCTTCGTGTC
GGGCGAGTACGGGCCGGCGCCETACCCGATCARGACGCTGGTCTCGTACGCGCGEGCGCGT
GGGCTARAGGGGAAGGGCGGCGACGGCGACGECGACGECGACGGCGCCACCACTACCGTC
TCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCARCACAATCCTGT
ACCCGGGAACTTACACCCTCACTCT CGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCTC
GAGGGCGAGCCCGTCGTGCTCGACGAGTGECC TGCGCCGC CGAGTGCCAACTCCACCGCCA
GGGGGAGGCACAGE

(SEQ ID NO: 29)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVIATCKHYAGYDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGS SDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant $108A/S211A/M280L/L7611:

(SEQ ID NO: 30)
ATGAAGGCCTCTGTATCATGCCTCGTCGECATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATAT TAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGEGCGEECAGCCCTCGTGECAGCCCTGACCGACGAGGAGAAGCT
GCAARAACCTGGTCAGCAAGGCGCCGGEGGCEC CECEGATCGGCCTGCCCGCGTACARCTGG
TGGAGCGAGGCGCTGCACGEGETCGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGE
GGGACTTCAACTCGGCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCECCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGREET
CGCGGCTCCGAGACGCCEEECEAGGACGTCETGCGCCTCARGCGCTACGCCGCCTCCATGA
TCCGCGEGECTCEAGGETCETTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGT
CGCCGCGCGTCATCGCCACCTGCARGCACTACGCCGGCAACGACT TTGAGGACTGGAACGE
CACGACGCGGCACGACT TCGACGCCGTCATCT CGGCGCAGGACCTGGCCGAGTACTACCTGE
CGCCGTTCCAGCAGTGCGCGCGCCACTCGCGCETCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCCTCAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCCACATCCCGGGCGCCTCCGCCGGCGECTTC
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CTGACCTGGCCCGCCETCGACCECGCCCTGACGCGECTGTACCGGAGCCTGETGCGGETCGE
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGECTGGGCCGACGTCARCCGGCCCE
AGGCGCAGCAGCTGECCCTECGCEC TGCCETCGAGGGCATCGTGCTGCTCARGAACGACAR
CGACACGCTGCCGCTGCCECTGCCGGACCATETCETTGTCACCGC TGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGEACAAGCTGT TTGGCGGETACAGCGGT
GCGCCCCCCTTCECGCGCTCGCCCGCGAGCGCCGCCCEECAGCTGGECTGGAACGTCACGGT
CGCCGEAGGECC CETCCTGCAGGCAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCT
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGC CTGGACACGTCGS
CGGCGEGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGECGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGECTCEGCAAGCCCGTCETGETGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGC TGGACGGEGTECECECCETCCTETGGGECCARCTGGCCGGECT
AGGACGGCCGGCACGECCGTEETCCEGCTGC TCAGCGGCGCCGAGAGCCCGECCGECCECCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGE
GCCCGTCGECGACCAACCCGGGCCGGACCTACCGCTGETACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGEGE
GCGGGCAAGGGCGATGGCCACGECGAGGACAAGGGCGACGAGCARGAGCGAGATCAGGACE
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCEGCGGCGGCGGCCACCACGCCE
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCETCCGACTACGTGETGCTGGCCTTCGTG
TCGGGCGAGTACGEGCCEECGCCETACCCGAT CAAGACGCTGGTCTCGTACGCGCGGGCGT
GCGGGATARAGGGGAAGGGCGGCGACGGCGACGECGACCGCGACGGCGCCACCACTACCE
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTC TCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCETCGTGCTCGACGAGTGECCTGCGCCECCGAGTGCCAACTCCACCGCC
AGGGCGGAGGCACAGE

(SEQ ID NO: 31)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSATS FPMPLLMAAAFDDELTE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVIATCKHYAGNDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGYVPSCANS YLLNTI LRGHWNWTEHDNYVTSDCEAVLDV SAHHHYADT
NAEGTGLCFEAGMDTSCEYEGSSDI PGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPESPHA
SLGWADVNRPEAQELALRAAVEG IVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMI GEWADAP
DKLFGGYSGAPPFARSPASAARQLGWNVTVAGGPVLEGDSDEEED TWTAPAVEAAADADYIVY
FGCGLDTSAAGETKDRMT IGWPAAQLALISELARLGKPVVVVOMGDQLDD TPLEFELDGVGAVLW
ANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPS ATNPGRTYRWYPTP
VRPFGFGLHY TTFRAEFGPHPFFPGAGKGDGDGEDKGESKSEIRTQOQQQOQQQORRAAAAATT
PIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARARGIK
GKGGTGAGDGDVAT TTVSLDWTVGNLARHDERGNTI LY PGTYTLTLDEPAQASVQFALEGEPYV
VLDEWPAPPSANSTARGRHR

Variant N219Y:

(SEQ ID NO: 32)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAATTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCTACGACTTTGAGGACTGGAACGGC
ACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGGC
GCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCCG
TCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTGG
AACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGG
CCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCAT
GGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCC
TGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGC
TACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCGA
GGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAAC
GACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCG
CGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGCG
CGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGTC
GCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCCG
GCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGGC
GGCGGGCGAGACCAAGGACCGGATGACGAT CGGGTGGCCGGCGGCGCAGCTGGCGCTCATC
TCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGACG
ACACGCCCCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCCA
GGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGCCGCCTG
CCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCG
CCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTCG
GCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGGG
CGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGATCAGGACGC
AGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCGA
TCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCTG
ACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTTCGTGTC
GGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCGGGCGCGT
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GGGCTARAGGGGAAGGGCGGCGACGGCGACGGCGACGECGACGGCGCCACCACTACCGTC
TCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCARCACAATCCTGT
ACCCGGGAACTTACACCCTCACTCT CGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCTC
GAGGGCGAGCCCGTCGTGCTCGACGAGTGECC TGCGCCGC CGAGTGCCAACTCCACCGCCA
GGGGGAGGCACAGE

(SEQ ID NO: 33)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGYDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGS SDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant N219Y/N571G:

(SEQ ID NO: 34)
ATGAAGGCCTCTGTATCATGCCTCGTCGECATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATAT TAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGEGCGEECAGCCCTCGTGECAGCCCTGACCGACGAGGAGAAGCT
GCAARAACCTGGTCAGCAAGGCGCCGGEGGCEC CECEGATCGGCCTGCCCGCGTACARCTGG
TGGAGCGAGGCGCTGCACGEGETCGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGE
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCCACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCECCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGREET
CGCGGCTCCGAGACGCCEEECEAGGACGTCETGCGCCTCARGCGCTACGCCGCCTCCATGA
TCCGCGEGECTCEAGGETCETTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGT
CGCCGCGCGTCATCTCGACCTGCARGCACTACGCCGGCTACGACT TTGAGGAC TGGAACGGC
ACGACGCGGCACGACTTCGACGCCETCATC TCGGCGCAGGACC TGGCCGAGTACTACCTGGC
GCCGTTCCAGCAGTGCGCGCGCGACTCGCGCETCGGCTCCGTCATGTGCGCCTACAACGCCG
TCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTGE
AACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGE
CCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGECCTCTGCTTCGAGGCCGGCAT
GGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGECGCCTCCGCCEGGCGECTTCC
TGACCTGGCCCGCCETCGACCGCGEC CCTCACGCGECTGTACCGGAGCCTGGTGCGGGETCGGC
TACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGEGCTGGGCCGACGTCARCCGGCCCGA
GGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCCAGGGCATCGTGCTGCTCAAGAACGACAAC
GACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCECCG
CGTCGCCATGATCGGCT TCTGGGCCGACGCCCCGGACAAGCTGTT TGGCGGGTACAGCGGCE
CGCCCCCCTTCGCECEC TCECCCGCGAGCGCCGCCCEGCAGCTGGGCTGGAACGTCACGGTC
GCCGGAGGGCCCGTCCTGCAGGCAGAC TCGCACGAGGAGGAGGACACGTGGACGGCGCCE
GCCGTCGAGGCGECCGCCGACGCCGACTACATCGTC TACT TTGGCGGCC TGGACACGTCGGT
GGCGGGCGAGACCAAGGACCGGATGACGATCGGETGGCCEGCGECECAGCTGGCGCTCATC
TCGGAGCTGGECGCEGCTCGECAAGCCCETCETGGTGGTGCAGATGGGCGACCAGCTCGACE
ACACGCCCCTCTTCGAGCTGGACGEGGTGEGCGCCGTCCTGTEGGECCGECTGECCGGECCA
GGACGGCGGCACGECCGTGETCCGGECTGCTCAGCGECECCGAGAGCCCGECCGECCGCCTG
CCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCG
CCCGTCGGCGACCAACCCGGGCCEGACCTACCGCTGETACCCGACTCCCGTCCGGCCCTTCG
GCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGREGE
CGGGCAAGGECCATGECGACGGCCAGGACAAGGGCCAGAGCAAGAGCGAGATCAGGACGT
AGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCEECGGCGGCCACCACGCCGA
TCCGGGACCTGCTCCGCGACTGCCACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCTE
ACGETGCGCGTGACCAACGAGGGCGAGCGCGCETCCGACTACGTGETGCTGGCCTTCGTGTC
GGGCGAGTACGGGCCGGCGCCETACCCGATCARGACGCTGGTCTCGTACGCGCGEGCGCGT
GGGCTARAGGGGAAGGGCGGCGACGGCGACGECGACGECGACGGCGCCACCACTACCGTC
TCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCARCACAATCCTGT
ACCCGGGAACTTACACCCTCACTCT CGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCTC
GAGGGCGAGCCCGTCGTGCTCGACGAGTGECC TGCGCCGC CGAGTGCCAACTCCACCGCCA
GGGGGAGGCACAGE

(SEQ ID NO: 35)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGYDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGSSDIPGASAG GFLTWPAVDRALTRLYRSLVRVGYFDGPESPH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNVTVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWAGWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANY TDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR

88
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ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant V235I1:

(SEQ ID NO: 36)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCATTATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGC
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGG
CGGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGCTGGACGGGGETGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGEGCCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGC
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGG
GCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGAT CAGGACG
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCG
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTTCGTG
TCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCGGGCGLC
GCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCACTACCG
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAACTCCACCGCC
AGGGGGAGGCACAGG

(SEQ ID NO: 37)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGNDF EDWNGTTRHDFDAI I SAQDLAEYYLAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGS SDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant V235L:

(SEQ ID NO: 38)
ATGAAAGCGAGCGTGAGCTGCCTGGTGGGCATGAGCGCGGTGGCGTATGGCCTGGATGGCC
CGTTTCAGACCTATCCGGATTGCACCAAACCGCCGCTGAGCGATATTAAAGTGTGCGATCGC
ACCCTGCCGGAAGCGGAACGCGCGGCGGCGCTGGTGGCGGCGCTGACCGATGAAGAAARAAC
TGCAGAACCTGGTGAGCAAAGCGCCGGGCGCGCCGCGCATTGGCCTGCCGGCGTATAACTG
GTGGAGCGAAGCGCTGCATGGCGTGGCGCATGCGCCGGGCACCCAGTTTCGCGATGGCCCG
GGCGATTTTAACAGCAGCACCAGCTTTCCGATGCCGCTGCTGATGGCGGCGGCGTTTGATGA
TGAACTGATTGAAGCGGTGGGCGATGTGAT TGGCACCGAAGCGCGCGCGTTTGGCAACGCG
GGCTGGAGCGGCCTGGATTATTGGACCCCGAACGTGAACCCGTTTCGCGATCCGCGCTGGGG
CCGCGGCAGCGAAACCCCGGGCGAAGATGTGGTGCGCCTGAAACGCTATGCGGCGAGCATG
ATTCGCGGCCTGGAAGGCCGCAGCAGCAGCAGCAGCAGCTGCAGCTTTGGCAGCGGCGGCG
AACCGCCGCGCGTGATTAGCACCTGCAAACATTATGCGGGCAACGATTT TGAAGAT TGGAAC
GGCACCACCCGCCATGATTTTGATGCGCTGAT TAGCGCGCAGGATCTGGCGGAATATTATCT
GGCGCCGTTTCAGCAGTGCGCGCGCGATAGCCGCGTGGGCAGCGTGATGTGCGCGTATAAC
GCGGTGAACGGCGTGCCGAGCTGCGCGAACAGCTATCTGATGAACACCATTCTGCGCGGCC
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ATTGGAACTGGACCGAACATGATAACTATGTGACCAGCGATTGCGAAGCGGTGCTGGATGT
GAGCGCGCATCATCATTATGCGGATACCAACGCGGARGGCACCCGCCTGTGCTTTGAAGCG
GGCATGGATACCAGCTGCGAATATGAAGGCAGCAGCGATATTCCGGGCGCGAGCGCGGECE
GCTTTCTGACCTGGCCGGCGGTGGATCGCGCGCTGACCCGCCTGTATCGCAGCCTGETGCGT
GTGGGCTATTTTGATGGCCCGGARAGCCCGCATGCCAGCC TEGEGCTGCGCGCATGTGAACT
GCCCGGAAGCGCAGGAACTGGCGCTGCGCGCEGCEETGCARGGCATTGTGCTGCTGARRAA
CGATAACGATACCCTGCCGCTGCCGCTGCCGEATGATGTGETGETGACCGCGGATGGCGGCC
GCCGCCGCETGGCGATGATTGGC TTTTGGGCGGATGCGCCGGATARACTGTTTGGCGGCTAT
AGCGGCECGECCECCETTTGCGCGCAGCCCGGCGAGCGCGGCGCGCCAGCTGGGCTGGAACE
TGACCGTGGCGEGCGECCCEETECTCGEARGGCCATAGCGATGARGAAGAAGATACCTGGAC
CGCGCCGECEETGEAAGCGECGGECGEATGCGGATTATATTGTGTATTTTGGCGGCCTGGATA
CCAGCGCGGCGEGCGARACCARAGATCGCATGACCATTGGCTGGCCGGCGGCGCAGCTGGE
GCTGATTAGCGAACTGGCGCGCCTGEGCARAC CGETGETCETGETGCAGATGGGCGATCAG
CTGGATGATACCCCGCTGTTTGAAC TGGATGGCGTGEGCGCGGTGCTGTGGGCGAACTGGCC
GGGCCAGGATGGCGGCACCGCEETGETGCGECC TEGCTGAGCGECECGGARAGCCCGGCGRET
CGCCTGCCGETGACCCAGTAT CCGGCGAACTATACCCATGCGGTGCCGCTGACCGATATGAC
CCTGCGCCCGAGCGCCACCAACCCGGECCGCACCTATCGCTGGTATCCGACCCCGGTGCGCC
CGTTTGGCTTTGGCCTGCATTATACCACCTTTCGCGCGGAATTTGGCCCGCATCCGTTTTTTC
CGGGCECEGECARAGECGATGGCCATGCCGAAGATARAGGCGARAGCAAAAGCGARATTC
GCACCCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCECCGCECGGCGGCEECGGECGACCA
CCCCGATTCGCGATCTGCTGCGCCATTGCGATARAACCTATCCGGATACCTGCCCGCTGCCE
CCGCTGACCGTGCGCETGACCAACGAAGGCGAACGCGCGAGCGAT TATGTGGTGCTGGCGT
TTGTGAGCGGCGAATATGGCC CGGCGCCETAT CCGATTARAACCC TGGTGAGC TATGCGCGC
GCGCGCGGCCTGARAGGCARAGGCGGCACCEGCECGEECCATGGCGATGTGGCGACCACT
ACCGTGAGCCTGCATTGGACCGTGGGCAACCTGGCGCGCCATGATGAACGCGGCAACACCA
TTCTGTATCCGGGCACCTATACCCTGACCCTGCATGAACCGGCGCAGGCGAGCGTGCAGTTT
GCGCTGGAAGGCGAACCGETGETGCTGGATGAATGGCCGGCGCCGCCGAGCGCGAACAGCA
CCGCGCGCGECCECCATCGT

(SEQ ID NO: 39)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGNDF EDWNGTTRHDFDALI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGS SDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant S345L:

(SEQ ID NO: 40)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTTGGCCGGCGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCACAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGC
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGG
CGGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGCTGGACGGGGETGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGEGCCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGC
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGG
GCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGAT CAGGACG
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCG

92
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ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCETCCGACTACGTGETGCTGGCCTTCGTG
TCGGGCGAGTACGEGCCEECGCCETACCCGAT CAAGACGCTGGTCTCGTACGCGCGGGCGT
GCGGGCTARAGGGGAAGGGCGGCGACGGCGACGECGACCGCGACGGCGCCACCACTACCE
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTC TCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCETCGTGCTCGACGAGTGECCTGCGCCECCGAGTGCCAACTCCACCGCC
AGGGCGGAGGCACAGE

(SEQ ID NO: 41)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGNDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTS CEYEGS SDIPGALAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNVTVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant G347Q:

(SEQ ID NO: 42)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCCAGGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGC
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGG
CGGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGCTGGACGGGGETGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGEGCCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGC
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGG
GCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGAT CAGGACG
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCG
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTTCGTG
TCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCGGGCGLC
GCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCACTACCG
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAACTCCACCGCC
AGGGGGAGGCACAGG

(SEQ ID NO: 43)
MKASVSCLVGMSAVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSSTSFPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGSETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVISTCKHYAGNDFEDWNGT TRHDFDAVISAQDLAEYYLAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANSYLMNTILRGHWNWTEHDNYVTSDCEAVLDVSAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGSSDIPGASAQGFLTWPAVDRALTRLYRSLVRVGYFDGPESPH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY I
VYFGGLDTSAAGETKDRMT IGWPAAQLALISELARLGKPVVVVQMGDQLDD TPLFELDGVGAV
LWANWPGQDGGTAVVRLLSGAESPAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
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PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSE TR TQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant G347Q/G449N:

(SEQ ID NO: 44)
ATGAAAGCGAGCGTGAGCTGCCTGETGEGCATGAGCGCGGTCGEGCGTATGGC CTGCATGGT
CCGTTTCAGACCTATCCGGATTGCACCARACCGCCGCTGAGCGATATTARAGTGTGCGAT
CGCACCCTGCCGGAAGCGGAACGCGCEGCGECGCTGGTGGCGGCGCTGACCGATGAAGAR
ARACTGCAGAACCTGGTGAGCAAAGCGCCGGGCGCGCCGCGCATTGECCTGCCGGCGTAT
ARCTGGTGCAGCCAAGCGCTGCATGGCGTGGCGCATGCGCCGEGCACCCAGTTTCGCGAT
GGCCCGGGCGATTT TAACAGCAGCACCAGCTT TCCGATGC CGCTGCTGATGGCGGCGGCE
TTTGATGATGAACTGAT TGAAGCGGTGCGCGATGTGATTGGCACCGAAGCGCGCGCGTTT
GGCAACGCGGGCTGGAGCGGCCTGGAT TATTGGACC CCGAACGTGAACCCGTTTCGCGAT
CCGCGCTGGEGEE CECEGCAGCGARACCCCGGGCGARGATGTGGTGCGCCTGARACGCTAT
GCGGCGAGCATGATTCGCGGCCTGGAAGGCCGCAGCAGCAGCAGCAGCAGCTGCAGCTTT
GGCAGCGGCGGCGAACCGCCGCGCGTCGATTAGCACC TGCARACAT TATGCGGGCAACGAT
TTTGAAGATTGGAACGGCACCACCCGCCATGATTTTGATGCGGTGATTAGCGCGCAGGAT
CTGGCGGAATATTATCTGGCGCCETTTCAGCAGTGCGCGCGCGATAGCCGCGTGGGCAGT
GTGATGTGCGCGTATAACGCGGTGAACGGCGTGCCGAGCTGCGCGAACAGCTATCTGATG
ARCACCATTCTGCGCGGCCAT TGGAACTGGACCGAACATGATAACTATGTGACCAGCGAT
TGCGAAGCGGTGCTGCATGTGAGCGCGCATCATCAT TATGCGGATACCAACGCGGAAGGT
ACCGGCCTGTGCTT TGARGCGGGCATGGATACCAGCTGCGAATATGAAGGCAGCAGCGAT
ATTCCGGGECGCGAGCGCGCAGGGCT TTCTGACCTGGCCGGCEETGGATCGCGCGCTGACT
CGCCTGTATCGCAGCCTGETGCGCGTGCGCTATTTTGATGGCCCGGARAGCCCGCATGCE
AGCCTGGGCTGEGCGEATGTGAACCGCCCGGARGCGCAGGAAC TGGCGCTGCGCGCEETG
GTGGAAGGCATTGTGCTGC TGAAARACGATAACGATACCCTGCCGCTGCCGCTGCCGGAT
GATGTGGTGGTGACCGCGEATGECEGCCGCCGCCECETCGCGATGAT TGECTTTTGGGCG
GATGCGCCGGATAAACTGTTTGGCAAC TATAGCGGCGCGCCGCCGTTTGCGCGCAGCCCE
GCGAGCGCGGCGCGCCAGC TGEECTGEAACGTGACCETGGCGGGCEGCCCEGTGCTGGAA
GGCGATAGCGATGAAGAAGAAGATACC TGGAC CGCGCCCECGETGGARGCGGCGGCGGAT
GCGGATTATATTGTGTATTTTGGCGGCCTGCATACCAGCGCGGCGGGCGARACCARAGAT
CGCATGACCATTGGCTGECCGGECEGCECAGCTGGCGCTGATTAGCGAACTGGCGCGCCTE
GGCARACCGGTGGTGGTGETGCAGATGGGCCATCAGCTGGATGATACCCCGCTGTTTGAA
CTGGATGGCGTGGECECEETGCTGTGEGCGAACTGGCCGGGCCAGGATGGCGGCACCECE
GTGGTGCGCCTGCTGAGCGGCGCGGAAAGCCCGECEEECCECCTGCCGGTGACCCAGTAT
CCGGCGAACTATACCGATGCGGTGCCGCTGACCGATATGACCCTGCGCCCGAGCGCGACT
AACCCGGECCECACCTATCGC TGETATCCGACCCCGETGCGCCCETTTGGCTTTGGCCTG
CATTATACCACCTTTCGCGCGGAATTTGGCCCGCATCCGTTTTTTCCGGGCGCGGGCARR
GGCGATGGCGATGGCGAAGATAAAGGCGARAGCAAAAGCGARATTCGCACCCAGCAGCAG
CAGCAGCAGCAGCAGCAGCAGCGCCECECGECGGCEGCEECGACCACCCCGATTCGCGAT
CTGCTGCGCGATTGCCATAARACCTAT CCGGATACCTGCCCGCTGCCGCCGCTGACCETE
CGCGTGACCAACGAAGGCGAACGCGCGAGCGATTATGTGETGCTGGCGT TTGTGAGCGGT
GAATATGGCCCGGCGCCGTATCCGATTARAAC CCTGGTGAGCTATGCGCGCGCGCGCGET
CTGARAGGCAAAGGCGGCACCGGECGCGEGCEATGGCCGATGTGGCGACCACCACCGTGAGE
CTGGATTGGACCGTGEGCAACCTGGCGCGCCATGATGAACGCGGCAACACCATTCTGTAT
CCGGGCACCTATACCCTGACCCTGGATGAACCGGCGCAGGCGAGCGTGCAGTTTGCGCTE
GAAGGCGAACCGGTGGTGC TGGATGAATGGCCGGECGCCGCCGAGCGCGAACAGCACCGCE
CGCGGCCGCCATCGE

(SEQ ID NO: 45)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGNDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTS CEYEGS SDIPGASAQGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGNYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant G347Q/G763P:

(SEQ ID NO: 46)
ATGAAGGCCTCTGTATCATGCCTCGTCGECATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATAT TAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGEGCGEECAGCCCTCGTGECAGCCCTGACCGACGAGGAGAAGCT
GCAARAACCTGGTCAGCAAGGCGCCGGEGGCEC CECEGATCGGCCTGCCCGCGTACARCTGG
TGGAGCGAGGCGCTGCACGEGETCGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGE
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCCACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCECCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGREET
CGCGGCTCCGAGACGCCEEECEAGGACGTCETGCGCCTCARGCGCTACGCCGCCTCCATGA
TCCGCGEGECTCEAGGETCETTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGT
CGCCGCGCGTCATCTCGACCTGCARGCACTACGCCGGCAACGACT TTGAGGACTGGAACGE
CACGACGCGGCACGACT TCGACGCCGTCATCT CGGCGCAGGACCTGGCCGAGTACTACCTGE
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CGCCGTTCCAGCAGTGCGCGCGCCACTCGCGCETCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCCACATCCCGGGCGCCTCCGCCCAGGGCTTC
CTGACCTGGCCCGCCETCGACCECGCCCTGACGCGECTGTACCGGAGCCTGETGCGGETCGE
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGECTGGGCCGACGTCARCCGGCCCE
AGGCGCAGCAGCTGECCCTECGCEC TGCCETCGAGGGCATCGTGCTGCTCARGAACGACAR
CGACACGCTGCCGCTGCCECTGCCGGACCATETCETTGTCACCGC TGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGEACAAGCTGT TTGGCGGETACAGCGGT
GCGCCCCCCTTCECGCGCTCGCCCGCGAGCGCCGCCCEECAGCTGGECTGGAACGTCACGGT
CGCCGEAGGECC CETCCTGCAGGCAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCT
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGC CTGGACACGTCGS
CGGCGEGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGECGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGECTCEGCAAGCCCGTCETGETGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGC TGGACGGEGTECECECCETCCTETGGGECCARCTGGCCGGECT
AGGACGGCCGGCACGECCGTEETCCEGCTGC TCAGCGGCGCCGAGAGCCCGECCGECCECCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGE
GCCCGTCGECGACCAACCCGGGCCGGACCTACCGCTGETACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGEGE
GCGGGCAAGGGCGATGGCCACGECGAGGACAAGGGCGACGAGCARGAGCGAGATCAGGACE
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCEGCGGCGGCGGCCACCACGCCE
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCETCCGACTACGTGETGCTGGCCTTCGTG
TCGGGCGAGTACGEGCCEECGCCETACCCGAT CAAGACGCTGGTCTCGTACGCGCGGGCGT
GCGGGCTARAGCCGAAGGGCGGCGACGGCGACGECGACGGCGACGGCGCCACCACTACCE
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTC TCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCETCGTGCTCGACGAGTGECCTGCGCCECCGAGTGCCAACTCCACCGCC
AGGGCGGAGGCACAGE

(SEQ ID NO: 47)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGNDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTS CEYEGS SDIPGASAQGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKPKGGTGAGDGDVATTTVSLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant A499K:

(SEQ ID NO: 48)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGC
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCAAGGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCG
GCGGCGGGCGAGACCAAGGACCGGATGACGAT CGGGTGGCCGGCGGCGCAGCTGGCGCTCA
TCTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGA
CGACACGCCCCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGEGCCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGC
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGG
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GCGGGCAAGGGCGATGGCCACGECGAGGACAAGGGCGACAGCARGAGCGAGATCAGGACE
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCEGCGGCGGCGGCCACCACGCCE
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCETCCGACTACGTGETGCTGGCCTTCGTG
TCGGGCGAGTACGEGCCEECGCCETACCCGAT CAAGACGCTGGTCTCGTACGCGCGGGCGT
GCGGGCTARAGGGGAAGGGCGGCGACGGCGACGECGACCGCGACGGCGCCACCACTACCE
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTC TCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCETCGTGCTCGACGAGTGECCTGCGCCECCGAGTGCCAACTCCACCGCC
AGGGCGGAGGCACAGE

(SEQ ID NO: 49)
MKASVSCLVGMSAVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TSFPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWS GLDYWTPNVNPFRDPRWGRGSETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVISTCKHYAGNDFEDWNGT TRHDFDAVISAQDLAEYYLAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANSYLMNTILRGHWNWTEHDNYVTSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTS CEYEGSSDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPESPH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVV TADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAKDADY I
VYFGGLDTSAAGETKDRMT IGWPAAQLALISELARLGKPVVVVQMGDQLDD TPLFELDGVGAV
LWANWPGQDGGTAVVRLLSGAESPAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSE IR TQQOOQQQQQQRRAAAA
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TVSLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANSTARGRHR

Variant A499S:

(SEQ ID NO: 50)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGC
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCTCTGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGG
CGGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGCTGGACGGGGETGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGEGCCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGC
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGG
GCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGAT CAGGACG
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCG
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTTCGTG
TCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCGGGCGLC
GCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCACTACCG
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAACTCCACCGCC
AGGGGGAGGCACAGG

(SEQ ID NO: 51)
MKASVSCLVGMSAVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSSTSFPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGSETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVISTCKHYAGNDFEDWNGT TRHDFDAVISAQDLAEYYLAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANSYLMNTILRGHWNWTEHDNYVTSDCEAVLDVSAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGSSDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPESPH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAASDADY I

100
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VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Variant I798V:

(SEQ ID NO: 52)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGC
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGG
CGGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGCTGGACGGGGETGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGEGCCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGC
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGG
GCGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGAT CAGGACG
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCG
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTTCGTG
TCGGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCGGGCGLC
GCGGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCACTACCG
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAGTCCTG
TACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAACTCCACCGCC
AGGGGGAGGCACAGG

(SEQ ID NO: 53)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGNDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGS SDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTVLYPGTYTLTLDEPAQASVQFAL
EGEPVVLDEWPAPPSANSTARGRHR

Variant P31G/H379Y:

(SEQ ID NO: 54)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGGGCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGAC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGC
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGATCCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
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CACGACGCGGCACGACT TCGACGCCGTCATCT CGGCGCAGGACCTGGCCGAGTACTACCTGE
CGCCGTTCCAGCAGTGCGCGCGCCACTCGCGCETCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCCACATCCCGGGCGCCTCCGCCGGCGECTTC
CTGACCTGGCCCGCCETCGACCECGCCCTGACGCGECTGTACCGGAGCCTGETGCGGETCGE
CTACTTTGACGGCCCCGAGTCGCCGTACGCCT CGCTGGECTGGGCCGACGTCARCCGGCCCE
AGGCGCAGCAGCTGECCCTECGCEC TGCCETCGAGGGCATCGTGCTGCTCARGAACGACAR
CGACACGCTGCCGCTGCCECTGCCGGACCATETCETTGTCACCGC TGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGEACAAGCTGT TTGGCGGETACAGCGGT
GCGCCCCCCTTCECGCGCTCGCCCGCGAGCGCCGCCCEECAGCTGGECTGGAACGTCACGGT
CGCCGEAGGECC CETCCTGCAGGCAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCT
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGC CTGGACACGTCGS
CGGCGEGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGECGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGECTCEGCAAGCCCGTCETGETGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGC TGGACGGEGTECECECCETCCTETGGGECCARCTGGCCGGECT
AGGACGGCCGGCACGECCGTEETCCEGCTGC TCAGCGGCGCCGAGAGCCCGECCGECCECCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGE
GCCCGTCGECGACCAACCCGGGCCGGACCTACCGCTGETACCCGACTCCCGTCCGGCCCTTC
GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGEGE
GCGGGCAAGGGCGATGGCCACGECGAGGACAAGGGCGACGAGCARGAGCGAGATCAGGACE
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCEGCGGCGGCGGCCACCACGCCE
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCETCCGACTACGTGETGCTGGCCTTCGTG
TCGGGCGAGTACGEGCCEECGCCETACCCGAT CAAGACGCTGGTCTCGTACGCGCGGGCGT
GCGGGCTARAGGGGAAGGGCGGCGACGGCGACGECGACCGCGACGGCGCCACCACTACCE
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTC TCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCETCGTGCTCGACGAGTGECCTGCGCCECCGAGTGCCAACTCCACCGCC
AGGGCGGAGGCACAGE

(SEQ ID NO: 55)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKGPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGNDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTS CEYEGS SDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPESPY
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNVTVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGTGAGDGDVATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

Beta-xylosidase WT2:

(SEQ ID NO: 56)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAGTTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGALC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGT
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGAT CCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCAACGACTTTGAGGACTGGAACGG
CACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGG
CGCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCC
GTCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTG
GAACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCG
GCCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCA
TGGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTC
CTGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGG
CTACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCG
AGGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAA
CGACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCC
GCGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGL
GCGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGT
CGCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCC
GGCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGG
CGGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCAT
CTCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGAC
GACACGCCCCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCC
AGGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGCCGCCT
GCCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGL
GCCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTC
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GGCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGEGE
GCGGGCAAGGGCGATGGCCACGECGAGGACAAGGGCGACGAGCARGAGCGAGATCAGGACE
CAGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCEGCGGCGGCGGCCACCACGCCE
ATCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCT
GACGGTGCGCGTGACCAACGAGGGCGAGCGCGCETCCGACTACGTGETGCTGGCCTTCGTG
TCGGGCGAGTACGEGCCEECGCCETACCCGAT CAAGACGCTGGTCTCGTACGCGCGGGCGT
GCGGGCTARAGGGGAAGGGCGGCGACGGCGACGECGACCGCGACGGCGCCACCACTACCE
TCTCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTG
TACCCGGGAACTTACACCCTCACTC TCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCT
CGAGGGCGAGCCCETCGTGCTCGACGAGTGECCTGCGCCECCGAGTGCCAACTCCACCGCC
AGGGCGGAGGCACAGE

(SEQ ID NO: 57)
MKASVSCLVGMS AVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSS TS FPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGS ETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVI STCKHYAGNDF EDWNGTTRHDFDAVI SAQDLAEYY LAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANS YLMNTI LRGHWNW TEHDNYV TSDCEAVLDV SAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGS SDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPES PH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD
APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGDGDGDGDGATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE
GEPVVLDEWPAPPSANS TARGRHR

BXyl Variant-233

(SEQ ID NO: 58)
ATGAAGGCCTCTGTATCATGCCTCGTCGGCATGAGCGCCGTGGCCTACGGCCTCGATGGCCC
TTTCCAGACCTACCCCGACTGCACCAAGCCCCCCCTGTCCGATATTAAGGTGTGCGACCGGA
CACTGCCCGAGGCGGAGCGGGCGGCAGCCCTCGTGGCAGCCCTGACCGACGAGGAGAAGCT
GCAAAACCTGGTCAGCAAGGCGCCGGGGGCGCCGCGGATCGGCCTGCCCGCGTACAACTGG
TGGAGCGAGGCGCTGCACGGGGTGGCCCACGCGCCCGGGACGCAATTCCGCGACGGGCCGG
GGGACTTCAACTCGTCCACGTCGTTCCCGATGCCGCTGCTGATGGCCGCCGCCTTCGACGALC
GAGCTGATCGAGGCCGTCGGCGACGTCATCGGCACCGAGGCCCGCGCCTTTGGCAACGCCG
GCTGGTCCGGCCTCGACTACTGGACCCCCAACGTCAACCCCTTCCGGGACCCCCGCTGGGGT
CGCGGCTCCGAGACGCCGGGCGAGGACGTCGTGCGCCTCAAGCGCTACGCCGCCTCCATGA
TCCGCGGGCTCGAGGGTCGTTCCTCCTCCTCCTCCTCCTGCTCCTTCGGAT CCGGAGGGGAGC
CGCCGCGCGTCATCTCGACCTGCAAGCACTACGCCGGCTACGACTTTGAGGACTGGAACGGC
ACGACGCGGCACGACTTCGACGCCGTCATCTCGGCGCAGGACCTGGCCGAGTACTACCTGGC
GCCGTTCCAGCAGTGCGCGCGCGACTCGCGCGTCGGCTCCGTCATGTGCGCCTACAACGCCG
TCAACGGGGTGCCGTCGTGCGCCAACTCGTACCTCATGAACACGATCCTGCGCGGGCACTGG
AACTGGACCGAGCACGACAACTACGTCACCAGCGACTGCGAGGCCGTCCTCGACGTCTCGG
CCCACCACCACTACGCCGACACCAACGCCGAGGGCACCGGCCTCTGCTTCGAGGCCGGCAT
GGACACGAGCTGCGAGTACGAGGGCTCCTCCGACATCCCGGGCGCCTCCGCCGGCGGCTTCC
TGACCTGGCCCGCCGTCGACCGCGCCCTGACGCGGCTGTACCGGAGCCTGGTGCGGGTCGGC
TACTTTGACGGCCCCGAGTCGCCGCACGCCTCGCTGGGCTGGGCCGACGTCAACCGGCCCGA
GGCGCAGGAGCTGGCCCTGCGCGCTGCCGTCGAGGGCATCGTGCTGCTCAAGAACGACAAC
GACACGCTGCCGCTGCCGCTGCCGGACGATGTCGTTGTCACCGCTGATGGTGGCCGCCGCCG
CGTCGCCATGATCGGCTTCTGGGCCGACGCCCCGGACAAGCTGTTTGGCGGGTACAGCGGCG
CGCCCCCCTTCGCGCGCTCGCCCGCGAGCGCCGCCCGGCAGCTGGGCTGGAACGTCACGGTC
GCCGGAGGGCCCGTCCTGGAGGGAGACTCGGACGAGGAGGAGGACACGTGGACGGCGCCG
GCCGTCGAGGCGGCCGCCGACGCCGACTACATCGTCTACTTTGGCGGCCTGGACACGTCGGTC
GGCGGGCGAGACCAAGGACCGGATGACGATCGGGTGGCCGGCGGCGCAGCTGGCGCTCATC
TCGGAGCTGGCGCGGCTCGGCAAGCCCGTCGTGGTGGTGCAGATGGGCGACCAGCTCGACG
ACACGCCCCTCTTCGAGCTGGACGGGGTGGGCGCCGTCCTGTGGGCCAACTGGCCGGGCCA
GGACGGCGGCACGGCCGTGGTCCGGCTGCTCAGCGGCGCCGAGAGCCCGGCCGGCCGCCTG
CCCGTGACCCAGTACCCGGCCAACTACACCGACGCGGTGCCCCTGACCGACATGACCCTGCG
CCCGTCGGCGACCAACCCGGGCCGGACCTACCGCTGGTACCCGACTCCCGTCCGGCCCTTCG
GCTTCGGCCTCCACTATACCACCTTCCGGGCCGAGTTCGGCCCCCACCCCTTCTTCCCGGGGG
CGGGCAAGGGCGATGGCGACGGCGAGGACAAGGGCGAGAGCAAGAGCGAGATCAGGACGC
AGCAGCAGCAACAGCAGCAGCAGCAGCAGCGCAGGGCGGCGGCGGCGGCCACCACGCCGA
TCCGGGACCTGCTCCGCGACTGCGACAAGACGTACCCGGACACGTGCCCGCTGCCGCCGCTG
ACGGTGCGCGTGACCAACGAGGGCGAGCGCGCGTCCGACTACGTGGTGCTGGCCTTCGTGTC
GGGCGAGTACGGGCCGGCGCCGTACCCGATCAAGACGCTGGTCTCGTACGCGCGGGCGCGC
GGGCTAAAGGGGAAGGGCGGCGACGGCGACGGCGACGGCGACGGCGCCACCACTACCGTC
TCGCTCGACTGGACCGTCGGCAACCTGGCCCGCCACGACGAGCGCGGCAACACAATCCTGT
ACCCGGGAACTTACACCCTCACTCTCGACGAGCCGGCCCAGGCGAGCGTGCAGTTCGCCCTC
GAGGGCGAGCCCGTCGTGCTCGACGAGTGGCCTGCGCCGCCGAGTGCCAACTCCACCGCCA
GGGGGAGGCACAGG

(SEQ ID NO: 59)
MKASVSCLVGMSAVAYGLDGPFQTYPDCTKPPLSDIKVCDRTLPEAERAAALVAALTDEEKLQ
NLVSKAPGAPRIGLPAYNWWS EALHGVAHAPGTQFRDGPGDFNSSTSFPMPLLMAAAFDDELIE
AVGDVIGTEARAFGNAGWSGLDYWTPNVNPFRDPRWGRGSETPGEDVVRLKRYAASMIRGLE
GRSSSSSSCSFGSGGEPPRVISTCKHYAGYDFEDWNGT TRHDFDAVISAQDLAEYYLAPFQQCAR
DSRVGSVMCAYNAVNGVPSCANSYLMNTILRGHWNWTEHDNYVTSDCEAVLDVSAHHHYAD
TNAEGTGLCFEAGMDTSCEYEGSSDIPGASAGGFLTWPAVDRALTRLYRSLVRVGYFDGPESPH
ASLGWADVNRPEAQELALRAAVEGIVLLKNDNDTLPLPLPDDVVVTADGGRRRVAMIGFWAD

106
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108

APDKLFGGYSGAPPFARSPASAARQLGWNV TVAGGPVLEGDSDEEED TWTAPAVEAAADADY T
VYFGGLDTSAAGETKDRMTIGWPAAQLALI SELARLGKPVVVVQMGDQLDD TPLFELDGVGAY
LWANWPGQDGGTAVVRLLSGAES PAGRLPVTQYPANYTDAVPLTDMTLRPSATNPGRTYRWY
PTPVRPFGFGLHYTTFRAEFGPHPFFPGAGKGDGDGEDKGESKSETRTQOQQQOQQQORRAARR
ATTPIRDLLRDCDKTYPDTCPLPPLTVRVTNEGERASDYVVLAFVSGEYGPAPYPIKTLVSYARA
RGLKGKGGDGDGDGDGATT TV SLDWTVGNLARHDERGNTILYPGTYTLTLDEPAQASVQFALE

GEPVVLDEWPAPPSANS TARGRHR

The following sequences comprise additional xylanase
(Xyl), beta-xylosidase (Bxyl), and alpha-xylosidase (Axyl)
sequences of interest. The first sequence provided in each set
below comprises the cDNA sequence, the second sequence
is the polypeptide sequence with the predicted signal
sequence included and the third sequence is the polypeptide
sequence without the signal sequence.

Xyl1974:

(SEQ ID NO: 60)
ATGGTTGCTCTCTCTTCTCTCCTCGTCGCTGCCTCTGCGGCGGCCETGGE
CGTGGCTGCGCCGAGCGAGGCCCTCCAGAAGCGCCAGACGCTCACGAGCA
GCCAGACGGGCTTCCACGACGGCTTTTACTACTCCTTCTGGACCGACGGT
GCCGGCAACGTCCGGTACACGAACGAGGCCGGCGGCCGGTACAGTGTCAC
CTGGTCCGGCAACAACGGCAACTGGGTTGGCGGCAAGGGCTGGAACCCGG
GGGCTGCTCGCAACATCAGCTTCACGGGGCAGTATAACCCCAACGGCAAC
TCGTACCTGGCCGTGTACGEGTGCACGCGCAACCCGCTGATCGAGTACTA
CATCGTCGAGAACTTCGGCACGTACGACCCGT CGACGGGGGCGCAGCGGT
TCGGCAGCATCACGGTGGACGGGTCGACGTACAACATCCT CAAGACGACG
CGGGTCAACCAGCCGTCCATCGAGGGCACCAGCACCTTTGACCAGTTCTG
GTCCGTCCGGACCAACAAGCGCAGCAGCGGCTCCGTCAACGTCAAGGCTC
ACTTCGACGCTTGGGCCCAGGCCEECCTCCGCCTGGGCACCCACGACTAC
CAGATCATGGCCACCGAGGGCTACT TCTCGAGCGGCTCCGCCACCATCAC
CGTCGGECCAGGECACCAGCAGCGECGECGGCGGCGACAATGGCGGCGGCA
ACAACGGCGGCGECGGECAACACCGGCACCTGCAGCGCCCTGTACGGCCAG
TGCGGTGGCCAGGEETGGACGGGCCCGACTTGCTGCTCCCAGGGAACCTG
CCGCGTCTCCAACCAGTGGTACT CGCAGTGCTTGTAR

(SEQ ID NO: 61)
MVALSSLLVAASAAAVAVAAPSEALQKRQTLTSSQTGFHDGFYYSFWTDG
AGNVRY TNEAGGRY SVTWS GNNGNWVGGKGWNPGAARN I S FTGQYNPNGN
SYLAVYGWTRNPLIEYYIVENFGTYDPSTGAQRLGS ITVDGSTYNILKTT
RVNQPS IEGTSTFDQFWSVRTNKRS SGSVNVKAHFDAWAQAGLRLGTHDY
QIMATEGYFSSGSATITVGEGTS SGGGGDNGGGNNGGGENTGTCSALYGQ
CGGQGWTGPTCCSQGTCRVSNQWYSQCL

(SEQ ID NO: 62)
APSEALQKRQTLTS SQTGFHDGFYYSFWTDGAGNVR Y TNEAGGRY SVTWS
GNNGNWVGGKGWNPGAARN IS FTGQYNPNGNS YLAVYGWTRNPLIEYYIV
ENFGTYDPSTGAQRLGS ITVDGS TYNILKTTRVNQPSIEGTSTFDQFWSY
RTNKRS SGSVNVKAHFDAWAQAGLRLGTHDYQIMATEGYFSSGSATITVG
EGTS SGGGGDNCGGGNNGGGEENTGTC SALYGQCGGQEWTGP TCCSQGTCRY
SNQWYSQCL

Xy140741:

(SEQ ID NO: 63)
ATGAAGGCCAATCTCCTGETCCTCECECCECTEECCATCTCEECAGCGCC
CECECTCGAGCACCGCCAGGCAACTGAGAGCATCGACGCGCTCATTAAGE
CCAAGGGCAAGCTCTACTTTGGCACCTGTACCGACCAGGGCCEGCTGACE
TCGGEGCAAGAACGCGGACATCAT CAGGGCCAACT TCGGCCAGETGACGCC
CGAGAACAGCATGAAGTGGCAGAGCATCGAGCCATCGCGEGETCAGTTCA
CCTGEGEECCAGECTGACTACCTCGTCGACTGEGCCACTCAGAACAACAAG
ACCATCCGCGGCCACACGCTCGTCTGECACTCECAGCTCGCCEGCTACGT
TCAGCAGATCGGCGACCGGAACACCTTGACCCAGACCATCCAGGACCACA
TTGCCGCCATCATGEGCCACTACAAGGGCAAGATCTACGCCTGGGATETC
ATCAACGAGATGTTCAACGAGGATGGCTCGCTTCGCAGCAGCETCTTCTC
CAACGTCCTCGEAGAGCACTTTGTTGGGATCGCCTTCAAGGCEGCGCECE
AGGCCGACCCCGACACCAAGT TGTACATCAACGACTACAACCTCGACAGC
CCCAACTACGCCAAGCTGACCAACGGCATGGT CGCTCACGTCARGAAGTG
GCTCGCGECCEECATCCCCAT CGACGECAT CGGCACCCAGGATCACCTAC
AGTCTGGECCAGGGTTCCEETC TTECGCAGGCCATCARGGCTCTCGCCCAG
GCTGGCGTCEAGCAGGTTGCCAT CACCGAGCTCGATAT CCAGAACCAGAA
CACCAACGACTACACTGCCGTTGTCCAGGGCTGC TTGGACGAGCCCAAGT
GCGTCGGTATCACCATCTEEEETATCCGCGATCCCEACTCATAGCETCCC
CAGGGCAACCCCTTGCTCTTCGACAGCAACTTCAACCCCAAGGCGAACTA
CAATGCCATCGTCCAGCTCCTCAAGCAGTAG

(SEQ ID NO: 64)
MKANLLVLAPLAVSAAPALEHRQATES IDALIKAKGKLYFGTCTDQGRLT
SGKNADI IRANFGQVTPENSMKWQS I EPSRGQFTWGQADY LVDWATQNNK
TIRGHTLVWHSQLAGYVQQIGDRNTLTQTIQDHIAAVMGRYKGKI YAWDV
INEMFNEDGSLRSSVFSNVLGEDFVGIAFKAAREADPDTKLYINDYNLDS
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PNYAKLTNGMVAHVKKWLAAGIPIDGIGTQGHLOSGOGSGLAQATKALAQ
AGVEEVAVTELDIQNQNTNDY TAVVQGCLDEPKCVGITVWGVRDPDSWRP
QGNPLLFDSNFNPKANYNAIVQLLKQ

(SEQ ID NO: 65)
APALEHRQATESIDALIKAKGKLYFGTCTDQGRLTSGKNADI IRANFGQV
TPENSMKWQS IEP SRGQFTWGQADYLVDWATQNNKT IRGHT LVWHSQLAG
YVQQIGDRNTLTQTIQDHIAAVMGRYKGKI YAWDVINEMENEDGS LRSSV
FSNVLGEDFVGIAFKAAREADPDTKLYINDYNLDSPNYAKL TNGMVAHVK
KWLAAGIPIDGIGTQGHLQSGQGSGLAQAT KALAQAGVEEVAVTELDIQN
ONTNDY TAVVQGCLDEPKCVGITVWGVRDPDSWRPQGNPLLFDSNFNPKA
NYNAIVQLLKQ

Xy134208:

(SEQ ID NO: 66)
ATGGTCAAGCTCTCTCTCATCGCAGCGAGCCTTGTGGCACCTAGCGTGCT
TGCGEGGTCCTCTCAT CGGCCCCAAGACGCARACCGAGAGCCAGCTGAACT
CGCETCAAGGCGECTACAACTACTTCCAGAATTGGT CCGAGGGAGGCAGT
AATATCCGCTGCAACAACGGCCCTGGGEET TCCTACACGECCGACTGCAA
CAGCAGGGGCEECTTCATCTETGCCARGGGCTCCAGCTATGGAGGCAATC
GCGCCATCACGTACACCGECGAATACAACGCCAGCEGCCCCGRCTACCTC
GCCGTCTACGEETGGACCCECARCCCECTGAT TGAATACTACATCATCGA
GECCCATGCCGACCTCGCCCCCAACGAGCCATGGACATCCARGGGTAATT
TCAGCT TCGAGGAGEGCGAGTACCAGGTCTTCACCAGCACCCGCATCAAC
AAGCCGTCCATCGAGGGCACCAGGACTT TT CAGCAGTACTGGETCGCTGCE
CAAGGAGCAGCEEGT CGGCEECACCETCACCACCCAGAGGCACTTTGAAG
AGTGGGCCAAGCTGGGCATGAAGCTGCGCAATCATGACTATGTCATCCTE
GCGACCGAAGGATACACTGCCAACGGAGCATC CGGTAGCAGCGGGCACTC
GAGCATTACTCTGCAGTAG

(SEQ ID NO: 67)
MVKLSLIAASLVAPSVLAGPLIGPKTQTESQLNPRQGGYNYFQNWSEGGS
NIRCNNGPGGSYTADWNSRGGFVCGKGWSYGGNRAT TYTGEYNASGPGYL
AVYGWTRNPLIEYYIIEAHADLAPNEPWTSKGNFSFEEGEYEVFTSTRVN
KPSIEGTRTFQQYWSLRKEQRVGGTVTTQRHFEEWAKLGMKLGNHDYVIL
ATEGYTANGGSGSSGHSSITLQ

(SEQ ID NO: 68)
GPLIGPKTQTESQLNPRQGGYNYFQNWSEGGSNIRCNNGPGGS YTADWNS
RGGFVCGKGWSYGGNRAI TYTGEYNASGPGYLAVYGWTRNPLIEYYI TEA
HADLAPNEPWTSKGNFSFEEGEYEVFTSTRVNKPSI EGTRTFQQYWSLRK
EQRVGGTVTTQRHFEEWAKLGMKLGNHDYVILATEGYTANGGSGS SGHSS
ITLQ

Xy17143:

(SEQ ID NO: 69)
ATGGTCTCGTTCACTCTCCTCCTCACGETCATCECCECTGCGETGACGAC
GECCAGCCCTCTCGAGGTGCT CAAGCGCEECATCCAGCCGGGCACGEGCA
CCCACGAGGGGTACT TCTACTCGTTC TGGACCGACGGCCETGECTCGRTC
GACTTCAACCCCGEECCCCECEECTCETACAGCGTCACCTGGAACAACGT
CAACAACTGGGTTGECEGCAAGEECTGGAACCCEGGCCCECCECGCARGA
TTGCGTACAACGGCACCTGGAACAACTACAACGTGAACAGCTACCTCGCC
CTGTACGGCTGEACT CGCAACCCGCTGATCGAGTAT TACATCGTGGAGEC
ATACGGCACGTACAACCCCTCETCEEGCACGECECEECTGGECACCATCE
AGGACGACGGCGGCGTGTACGACATCTACAAGACGACGCGGTACAACCAG
CCETCCATCGAGEGEACCTCCACCTTCGACCAGTACTGGTCCETCCGCCE
CCAGRAAGCGCGTCGGCEECACTATCGACACGEGCARGCACTTTGACGAGT
GGAAGCGCCAGGGCAACCTCCAGCTCGECACCTGGAACTACATGATCATG
GCCACCGAGGGCTACCAGAGCTCTGATTCGGC CACTATCGAGGTCCGGGA
GECCTAA

(SEQ ID NO: 70)
MVSFTLLLTVIAAAVTTASPLEVVKRGIQPGTGTHEGYFYSFWTDGRGSY
DFNPGPRGSY SVTWNNVNNWVGGKGWNPGPPRKI AYNGTWNNYNVNS YLA
LYGWTRNPLVEYYIVEAYGTYNPSSGTARLGT IEDDGGVYDIYKTTRYNQ
PSIEGTSTFDQYWSVRRQKRVGGTIDTGKHFDEWKRQGNLQLGTWNYMIM
ATEGYQSSGSATIEVREA

(SEQ ID NO: 71)
SPLEVVKRGIQPGTGTHEGYFYSFWTDGRGSVDFNPGPRGS YSVTWNNVN
NWVGGKGWNPGPPRKIAYNGTWNNYNVNSYLALYGWTRNPLVEYYIVEAY
GTYNPSSGTARLGTIEDDGGVYDIYKTTRYNQPSIEGTS TFDQYWSVRRQ
KRVGGT IDTGKHFDEWKRQGNLOLGTWNYMIMATEGYQS SGSATI EVREA
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Xy142827:

(SEQ ID NO: 72)
ATGGTCTCGCTCAAGTCCCTCCTCCTCGCCGCEECEECEACGTTGACGRC
GGTGACGGCECECCCATTCEACT TTGACGACGGCAACT CGACCGAGGCAC
TGGECCAAGCGCCAGETCACGCCCAACGCGCAGCECTACCACTCGAGCTAC
TTCTACTCGTGETGETCCGACGECEACEECCAGECCACCTTCACCCTECT
CGAGGGCAGCCACTACCAGGTCAACTGGAGGAACACGGGCAACTTTGTCG
GTCECAAGGECTGCAACCCEEETACCEGCCGGACCATCAACTACGGCGAC
TCGETTCAACCCGAGCGGCAACGECTACCTGGCCETCTACGECTGGACGCA
CAACCCGCTGATCGAGTACTACGTGATCGAGT CGTACGGGACCTACAACT
CGEECAGCCAGECCCAGTACAAGGGCAGCTTCCAGAGCEACGECAGCACT
TACAACATCTACGTCTCGACCCGCTACAACGCGCCCTCEATCGAGGGCAC
CCGCACCTTCCAGCAGTACTGGT CCATCCGCACCTCCARGCGCATCGECE
GCTCCATCACCATGCAGAACCACTTCAACGCCTGGECCCAGCACGGCATS
CCCCTCGGCTCCCACGACTACCAGATCGTCGCCACCGAGEGCTACCAGAG
CAGCGGCTCCTCCGACATCTACGTCCAGACTCACTAG

(SEQ ID NO: 73)
MVSLKSLLLAAAATLTAVTARPFDFDDGNS TEALAKRQVTPNAQGYHSGY
FYSWWSDGGGQATF TLLEGSHYQUNWRNTGNFVGGKGWNPGTGRT INYGG
SFNPSGNGYLAVYGWTHNPLIEYYVVESYGTYNPGSQAQYKGSFQSDGGT
YNIYVSTRYNAPSIEGTRTFQQYWS IRTSKRVGGSY TMONHFNAWAQHGM
PLGESHDYQIVATEGYQSSGSSDIYVQTH

(SEQ ID NO: 74)
RPFDFDDGNSTEALAKRQVTPNAQGYHSGYFYSWWSDGGGQATFTLLEGS
HYQVNWRNTGNFVGGKGWNPGTGRT INYGGSFNPSGNGYLAVYGWTHNPL
IEYYVVESYGTYNPGSQAQYKGSFQSDGGTYNIYVSTRYNAPSIEGTRTF
QQYWSIRTSKRVGGSVTMONHFNAWAQHGMPLGSHDYQIVATEGYQSSGS
SDIYVQTH

BXyl1883:

(SEQ ID NO: 75)
ATGGCCTTCCTTTCCTCCTTTGCCCTTGCCGCCCTCGGGGCACTCGTCGT
CCCGGCGAGGGGCGGCGTGACGTACCCGGACTGCGCAAACGGACCGCTCA
AGTCAAATACGGTGTGCGATACGTCGGCGTCCCCGEGAGCCCGAGCCGCT
GCTCTTGTGAGTGTAATGAACAACAACGAAAAACTTGCAAATCTTGTCAA
CAATTCGCCCGGCGTCTCGCGGCTCGGCCTGAGTGCGTACCAGTGGTGGA
ACGAAGCCCTCCACGGAGTAGCCCATAACCGCGGCATTACCTGGGGCGGC
GAGTTCAGCGCGGCAACCCAGTTCCCGCAGGCTATCACGACTTCCGCCAC
TTTCGATGACGCTTTGATCGAGCAAAT CGGCACCATTATCAGCACCGAGG
CCCGTGCCTTTGCCAACAATGGGCGCGCTCATCTCGACTTCTGGACGCCC
AACGTCAACCCGTTTCGAGACCCGCGATGGGGTCGCGGACACGAGACGCC
GGGAGAGGATGCATTCAAGAATAAGAAGTGGGCCGAGGCCTTCGTCAAGG
GCATGCAAGGACCCGGACCGACGCACCGAGTCATCGCCACATGTAAGCAC
TACGCCGCCTACGACCTCGAGAACTCCGGGAGCACGACCCGATTCAACTT
CGATGCGAAGGTGTCAACTCAAGATCTCGCCGAGTACTATCTCCCTCCGT
TCCAACAGTGCGCCCGGGACT CTAAGGTGGGCTCCATCATGTGCAGCTAC
AATGCGGTCAATGAAAT CCCGGCCTGCGCGAATCCTTACCTGATGGATAC
CATCCTGCGGAAACATTGGAATTGGACCGACGAGCACCAGTATATTGTGA
GCGACTGCGATGCCGTGTACTATCT CGGCAATGCGAACGGCGGCCACCGA
TACAAGCCGAGCTATGCGGCGGCGATCGGAGCATCTCTCGAGGCTGGTTG
CGATAACATGTGCTGGGCGACCGGCGGCACCGCCCCGGATCCCGCCTCAG
CCTTCAATTCCGGCCAGTTCAGCCAGACGACACTGGACACGGCTATTTTG
CGCCAGATGCAGGGCCTCGTCCTAGCGGGATACTTTGACGGTCCGGGCGG
TATGTACCGCAACCTGAGCGTGGCGGACGTGAACACGCAGACCGCCCAGG
ACACTGCACTCAAGGCGGCGGAAGGAGGCATCGTGCTCCTCAAGAACGAT
GGGATCCTTCCGCTGTCGGTTAACGGTTCCAATTTCCAGGTCGCTATGAT
CGGGTTCTGGGCGAACGCAGC CGACAAGATGCTCGGGGGT TACAGCGGGA
GCCCGCCGTTCAACCATGATCCCGTGACCGCTGCAAGATCGATGGGCATC
ACGGTCAACTACGTCAACGGGCCATTGACGCAACCCAACGGGGATACGTC
GGCAGCACTCAATGCGGCCCAAAAGTCCAACGCGGTGGTATTCTTTGGTG
GAATCGACAATACGGTGGAGAAGGAGAGTCAGGACAGAACGTCCATCGAG
TGGCCCTCAGGGCAACTGGCT CTGATT CGGAGGCTAGCCGAAACCGGCAA
ACCAGTCATCGTCGTCAGGCTCGGGACGCACGTCGACGACACCCCGCTCC
TCAGCATTCCGAATGTGAGAGCCATTT TGTGGGCAGGATACCCGGGTCAA
GACGGCGGGACTGCTGTGGTGAARATCATTACCGGCCTTGCTAGTCCGGC
GGGGAGGCTGCCCGCCACTGTGTAT CCGTCTTCGTACACCAGCCAAGCGC
CCTTTACAAACATGGCCCTGAGGCCTTCTTCGTCCTATCCCGGGCGAACA
TACCGCTGGTACAGTAACGCCGTCTTTCCATTTGGCCACGGCCTACATTA
TACCAATTTCAGTGTCTCGGTGCGGGACTTTCCGGCCAGCTTCGCGATTG
CCGATCTCCTGGCTTCCTGCGGGGATT CCGTGGCGTATCTTGATCTTTGC
CCCTTCCCGTCCGTGTCGCTCAATGTGACCAATACAGGCACCCGCGTGTC
CGATTACGTTGCGCTTGGGTT CTTGTCGGGAGATTTTGGTCCCAGCCCAC
ATCCCATCAAGACATTGGCGACGTATAAGCGCGTGTTTAACATCGAACCT
GGGGAAACACAGGTGGCCGAGCTAGACTGGAAGC TGGAGAGCCTGGTCCG
GGTAGATGAGAAGGGCAACAGGGTACTCTACCCCGGAACATATACGCTTC
TTGTGGATCAGCCAACCTTGGCAAATATCACCTTTATTTTGACAGGAGAA
GAGGCAGTGTTGGATAGTTGGCCGCAGCCGTGA
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(SEQ ID NO: 76)
MAFLSSFALAALGALVVPARGGVTYPDCANGPLKSNTVCDTSASPGARAA
ALVSVMNNNEKLANLVNNS PGVSRLGLS AYQWWNEALHGVAHNRGITWGG
EFSAATQFPQAITTSATFDDALIEQIGTIISTEARAFANNGRAHLDFWTP
NVNPFRDPRWGRGHETPGEDAFKNKKWAEAFVKGMQGPGPTHRVIATCKH
YAAYDLENSGSTTRFNFDAKVSTQDLAEYYLPPFQQCARDSKVGSIMCSY
NAVNEI PACANPYLMDT I LRKHWNWTDEHQYIVSDCDAVYYLGNANGGHR
YKPSYAAAIGASLEAGCDNMCWATGGTAPDPASAFNSGQFSQTTLDTAIL
ROMQGLVLAGYFDGPGGMYRNLSVADVNTQTAQDTALKAAEGGIVLLKND
GILPLSVNGSNFQVAMIGFWANAADKMLGGYSGS PPENHDPVTAARSMGT
TVNYVNGPLTQPNGDTSAALNAAQKSNAVVFFGGIDNTVEKESQDRTSIE
WPSGQLALIRRLAETGKPVIVVRLGTHVDDTPLLSIPNVRAILWAGYPGQ
DGGTAVVKIITGLASPAGRLPATVYPSSYTSQAPFTNMALRPSSSYPGRT
YRWYSNAVEPFGHGLHY TNFSVSVRDFPASFATADLLASCGDSVAYLDLC
PFPSVSLNVTNTGTRVSDYVALGFLSGDFGPSPHPIKTLATYKRVENIED
GETQVAELDWKLESLVRVDEKGNRVLYPGTYTLLVDQPTLANI TFILTGE
EAVLDSWPQP
(SEQ ID NO: 77)

GVTYPDCANGPLKSNTVCDTSAS PGARAAALVSVMNNNEKLANLVNNSPG
VSRLGLSAYQWWNEALHGVAHNRGI TWGGEFSAATQFPQAI TTSATFDDA
LIEQIGTIISTEARAFANNGRAHLDFWTPNVNPFRDPRWGRGHETPGEDA
FKNKKWAEAFVKGMQGPGPTHRY IATCKHYAAYDLENSGSTTRENFDAKY
STQDLAEYYLPPFQQCARDSKVGS IMCS YNAVNEIPACANPYLMDTILRK
HWNWTDEHQY IVSDCDAVY YLGNANGGHRYKPSYAAATIGAS LEAGCDNMC
WATGGTAPDPASAFNSGQFSQTTLDTAI LROMQGLVLAGYFDGPGGMYRN
LSVADVNTQTAQD TALKAAEGGI VLLKNDGILPLSVNGSNFQVAMIGEWA
NAADKMLGGY SGS PPFNHDPV TAARSMGI TVNYVNGPLTQPNGDTSAALN
ARQKSNAVVEFFGG IDNTVEKESQDRTS I EWPSGQLALIRRLAETGKPVIV
VRLGTHVDDTPLLSIPNVRAI LWAGY PGODGGTAVVKI I TGLASPAGRLP
ATVYPSSYTSQAPFTNMALRPSSSYPGRTYRWYSNAVFPFGHGLHYTNES
VSVRDFPASFAIADLLASCGDSVAYLDLCPFPSVSLNVTNTGTRVSDYVA
LGFLSGDFGPSPHPIKTLATYKRVENIEPGETQVAELDWKLESLVRVDEK
GNRVLYPGTYTLLVDQPTLANITFILTGEEAVLDSWPQP

Xyl25453:

(SEQ ID NO: 78)
ATGCGTACTCTTACGTTCGTGCTGGCAGCCGCCCCGGTGGCTGTGCTTGE
CCAATCTCCTCTGTGGGGCCAGTGCGGCGGTCAAGGCTGGACAGGTCCCA
CGACCTGCGTTTCTGGCGCAGTATGCCAATTCGTCAATGACTGGTACTCC
CAATGCGTGCCCGGATCGAGCAACCCTCCTACGGGCACCACCAGCAGCAC
CACTGGAAGCACCCCGGCTCCTACTGGCGGCGGCGGCAGCGGAACCGGCT
TCCACGACAAATTCAAGGCCAAGGGCAAGCTCTACT TCGGAACCGAGATC
GATCACTACCATCTCAACAACAATGCCTTGACCAACATTGTCAAGAAAGA
CTTTGGTCAAGTCACTCACGAGAACAGCTTGAAGTGGGATGCTACTGAGC
CGAGCCGCAATCAATTCAACT TTGCCAACGCCGACGCGGTTGTCAACTTT
GCCCAGGCCAACGGCAAGCTCATCCGCGGCCACACCCTCCTCTGGCACTC
TCAGCTGCCGCAGTGGGTGCAGAACATCAACGACCGCAACACCTTGACCC
AGGTCATCGAGAACCACGTCACCACCCTTGTCACTCGCTACAAGGGCAAG
ATCCTCCACTGGGACGT CGTTAACGAGATCTTTGCCGAGGACGGCTCGCT
CCGCGACAGCGTCTTCAGCCGCGTCCTCGGCGAGGACTTTGTCGGCATCG
CCTTCCGCGCCGCCCGCGCCGCCGATCCCAACGCCAAGCTCTACATCAAC
GACTACAACCTCGACATTGCCAACTACGCCAAGGTGACCCGGGGCATGGT
CGAGAAGGTCAACAAGTGGAT CGCCCAGGGCATCCCGATCGACGGCATCG
GCACCCAGTGCCACCTGGC CGGECCCGGCGGETGGAACACGGCCGCCGGT
GTCCCCGACGCCCTCAAGGCCCTCGCCGCGGCCAACGTCARGGAGATCGC
CATCACCGAGCTCGACATCGCCGGCGCCTCCGCCAACGACTACCTCACCG
TCATGAACGCCTGCCTCCAGGTCTCCAAGTGCGTCGGCATCACCGTCTGG
GGCGTCTCTGACAAGGACAGCTGGAGGTCGAGCAGCAACCCGCTCCTCTT
CGACAGCAACTACCAGCCARAAGGCGGCATACAATGCTCTGATTAATGCCT
TGTAA

(SEQ ID NO: 79)
MRTLTFVLAAAPVAVLAQS PLWGQCGGQGWTGPTTCVSGAVCQFVNDWY S
QCVPGSSNPPTGTTSSTTGSTPAPTGGGGSGTGLHDKFKAKGKLYFGTET
DHYHLNNNALTNIVKKDFGQVTHENSLKWDATEP SRNQFNFANADAVVNF
AQANGKLIRGHTLLWHSQLPQWVONINDRNTLTQVIENHVTTLVTRYKGK
ILHWDVVNEIFAEDGSLRDSVFSRVLGEDFVGIAFRAARAADPNAKLYIN
DYNLDIANYAKVTRGMVEKVNKWIAQGIPIDGIGTQCHLAGPGGWNTAAG
VPDALKALAAANVKEIAITELDIAGASANDYLTVMNACLQVSKCVGITVW
GVSDKDSWRSSSNPLLFDSNYQPKAAYNALINAL

(SEQ ID NO: 80)
QSPLWGQCGGQGWTGPTTCVSGAVCQFVNDWY SQCVPGS SNPPTGTTSST
TGSTPAPTGGGGSGTGLHDKFKAKGKLYFGTEIDHYHLNNNALTNIVKKD
FGQVTHENSLKWDATEPSRNQFNFANADAVVNFAQANGKLIRGHTLLWHS
QLPQWVQNINDRNTLTQVIENHVTTLVTRYKGKI LHWDVVNEIFAEDGSL
RDSVFSRVLGEDFVGIAFRAARAADPNAKLYINDYNLDIANYAKVTRGMV
EKVNKWIAQGIPIDGIGTQCHLAGPGGWNTAAGVPDALKALAAANVKEIA
ITELDIAGASANDYLTVMNACLQVSKCVGI TVWGVSDKDSWRSSSNPLLF
DSNYQPKAAYNALINAL
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Xyl805:

(SEQ ID NO: 81)
ATGCATCTCTCCTCETCTCTCCTCCTCCTCGCCECCTTGCCCCTGGGCAT
CECCGECARGEECARGEGCCACGECCACGECCCCCATACCGEGCTCCACA
CCCTCGCCAAGCAGGCCAACCTCAAGTACTTCGGCTCTGCCACCGACTCT
CCCEECCAGCETGAGCGCECCEECTACGAGGACAAGTACGCCCAGTACGA
CCAGATCATGTGGAAGT CGGGCEAGTTCEGCCTGACGACCCCGACCAACE
GCCARAAGTGGCTGTTTACTGAGCCCEAGCETGGCETGTTCAACTTCACC
GAGGGTGACATCGTGACGAACCTGGCCCEEAAGCACGETTTCATGCAGCS
GTGCCACGCECTCATCTEECACAGCCAGCTCGCCCCTTGGGTCGAGTCGA
CCGAGTGGACGCCCEAGGAGCTGCGCCAGGTCAT TGTCAACCACATCACC
CACGTGGCCGECTACTACAAGGGCAAGTGCTATGCCTGGGACGTCGTCAA
CGAGGCCCTGAACGAGGACGECACCTACCGCGAGTCCGTCTTC TACAAGE
TGCTCGGCGAGGACTACATCAAGCTGGCCTTCGAGACGECCECCARGRTC
GACCCCCACGCCARGCTCTACTACAACGACTACAACCTCGAGTCCCCCAG
CGCCAAGACCGAGGECGCCAAGCGCATCGTCAAGATGCTCAAGGACGCCE
GCATCCGCATCGACGGCETCGECCTECAGECCCACCTCATCGCCGAGAGT
CACCCGACCCTCGACGAGCACAT CGATGCCAT CARGGGCTTCACCGAGCT
CGECETCGAGGTCGCCCTGACCEAGCTCGACATCCGCCTCTCCATCCCER
CCAACGCCACCAACCTCGCCCAGCAGAGGGAGGCGTACAAGAACGTCGTC
GGCECTTGCETCCAGETTCECGGCTGCATTGGCGTGGAGATCTGGGACTT
CTATGACCCCTTCAGCTGRGTCCCTGCCACCTTCCCCGECCAGGRCECCC
CCCTGCTCTGETTCGAGGACT TTTCCAAGCACCCCECCTACGACGGCETC
GTCGAGGCCCTGACCAACAGGAC CACGEECEEATECARGEGCAAGGGCAA
GGCGCAAGGGCAAGGTTTGGAAGGCCTAA

(SEQ ID NO: 82)
MHLS SSLLLLAALPLGI AGKGKGHGHGPHTGLHT LAKQAGLKYFGSATDS
PGQORERAGYEDKYAQYDQIMWKSGEFGLTTPTNGQKWLFTEPERGVENFT
EGDIVTNLARKHGFMQRCHALVWHSQLAPWVESTEWTPEELRQVIVNHI T
HVAGYYKGKCYAWDVVNEALNEDGTYRESVFYKVLGEDYIKLAFETAAKY
DPHAKLYYNDYNLESPSAKTEGAKRIVKMLKDAGIRIDGVGLQAHLVAES
HPTLDEHIDAIKGFTELGVEVALTELDIRLSIPANATNLAQQREAYKNVY
GACVQVRGCIGVEIWDFYDPFSWVPATFPGQGAPLLWFEDFSKHPAYDGY
VEALTNRTTGGCKGKGKGKGKVIWKA

(SEQ ID NO: 83)
KGKGHGHGPHTGLHTLAKQAGLKYFGSATDSPGQRERAGYEDKYAQYDQT
MWKSGEFGLTTP TNGQKWLFTEPERGVFNF TEGDIVTNLARKHGFMORCH
ALVWHSQLAPWVES TEWTPEELRQV IVNHI THVAGY YKGKCYAWDVVNEA
LNEDGTYRESVFYKVLGEDYIKLAFETAAKVDPHAKLY YNDYNLESPSAK
TEGAKRIVKMLKDAGIRIDGVGLQAHLVAESHPTLDEHIDAIKGFTELGV
EVALTELDIRLS IPANATNLAQQREAYKNVVGACVQVRGCIGVEIWDFYD
PFSWVPATFPGQGAPLLWFEDFSKHPAYDGVVEALTNRTTGGCKGKGKGK
GKVWKA

Xyl36882:

(SEQ ID NO: 84)
ATGCACTCCAAAGCTTTCTTGGCAGCGCTTCTTGCGCCTGCCGTCTCAGE
GCAACTGAACGACCTCGCCGTCAGGGCTGGACTCAAGTACTTTGGTACTG
CTCTTAGCGAGAGCGTCATCAACAGTGATACTCGGTATGCTGCCATCCTC
AGCGACAAGAGCATGTTCGGCCAGCTCGTCCCCGAGAATGGCATGAAGTG
GGATGCTACTGAGCCGTCCCGTGGCCAGTTCAACTACGCCTCGGGCGACA
TCACGGCCAACACGGCCAAGAAGAATGGCCAGGGCATGCGTTGCCACACC
ATGGTCTGGTACAGCCAGCTCCCGAGCTGGGTCTCCTCGGGCTCGTGGAC
CAGGGACTCGCTCACCTCGGT CATCGAGACGCACATGAACAACGTCATGG
GCCACTACAAGGGCCAATGCTACGCCTGGGATGTCATCAACGAGGCCATC
AATGACGACGGCAACTCCTGGCGCGACAACGTCTTTCTCCGGACCTTTGG
GACCGACTACTTCGCCCTGTCCTTCAACCTAGCCAAGAAGGCCGATCCCG
ATACCAAGCTGTACTACAACGACTACAACCTCGAGTACAACCAGGCCAAG
ACGGACCGCGCTGTTGAGCTCGT CAAGATGGT CCAGGCCGCCGGCGCGCC
CATCGACGGTGTCGGCTTCCAGGGCCACCTCATTGT CGGCTCGACCCCGA
CGCGCTCGCAGCTGGCCACCGCCCTCCAGCGCTTCACCGCGCTCGGCCTC
GAGGTCGCCTACACCGAGCTCGACATCCGCCACTCGAGCCTGCCGGCCTC
TTCGTCGGCGCTCGCGACCCAGGGCAACGACTTCGCCAACGTGGTCGGCT
CTTGCCTCGACACCGCCGGCTGCGTCGGCGTCACCGTCTGGGGCTTCACC
GATGCGCACTCGTGGATCCCGAACACGTTCCCCGGCCAGGGCGACGCCCT
GATCTACGACAGCAACTACAACAAGAAGCCCGCGTGGACCTCGATCTCGT
CCGTCCTGGCCGCCARGGCCACCGGCGCCCCGCCCGCCTCGTCCTCCACT
ACCCTCGTCACCATCACCACCCCTCCGCCGGCATCCACCACCGCCTCCTC
CTCCTCCAGTGCCACGCCCACGAGCGT CCCGACGCAGACGAGGTGGGGAC
AGTGCGGCGGCATCGGATGGACGGGGCCGACCCAGTGCGAGAGCCCATGE
ACCTGCCAGAAGCTGAACGACTGGTACTGGCAGTGCCTGTAA

(SEQ ID NO: 85)
MHSKAFLAALLAPAVSGQLNDLAVRAGLKYFGTALSESVINSDTRYAAIL
SDKSMFGQLVPENGMKWDATEPSRGQFNYASGDI TANTAKKNGQGMRCHT
MVWYSQLPSWVSSGSWTRDSLTSVIETHMNNVMGHYKGQC YAWDVINEAT
NDDGNSWRDNVFLRTFGTDYFALSFNLAKKADPDTKLYYNDYNLEYNQAK
TDRAVELVKMVQAAGAP IDGVGFQGHL IVGSTPTRSQLATALQRFTALGL
EVAYTELDIRHSSLPASSSALATQGNDFANVVGSCLDTAGCVGVTVWGET
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DAHSWIPNTFPGQGDALIYDSNYNKKPAWTSISSVLAAKATGAPPASSST
TLVTITTPPPASTTASS SSSATPTSVPTQTRWGQCGGIGHTGPTQCESPW
TCQKLNDWYWQCL

(SEQ ID NO: 86)

QLNDLAVRAGLKYFGTALSESVINSDTRYAAI LSDKSMFGQLYVPENGMKW
DATEPSRGQFNYASGDI TANTAKKNGQGMRCHTMVIWY SQLP SWVS SGSWT
RDSLTSVIETHMNNVMGHYKGQCYAWDV INEATNDDGNSWRDNVELRTEG
TDYFALSFNLAKKADPDTKLYYNDYNLEYNQAKTDRAVELYKMVQAAGAP
IDGVGFQGHLIVGSTPTRSQLATALOQRFTALGLEVAYTELD IRHS SLPAS
SSALATQGNDFANVVGS CLDTAGCVGVTVWGE TDAHSWI PNTFPGQGDAL
IYDSNYNKKPAWTSISSVLAAKATGAPPASSS TTLVTITTPPPASTTASS
SSSATPTSVPTQTRWGQCGGIGWTGPTQCESPWT CQKLNDWYWQCL

Xy15123:

(SEQ ID NO: 87)
ATGGTCTCCTTCAAGGCCCTCATTCTCGGCGCCETTGECGCCCTCTCCTT
CCCTTTCAACGTCACCGAGCTGT CCGAGGCECACGCCCGEEGCGAGAATE
TGACCGAGCTCTTGATGTCTCGCGCCGGCACGCCGAGCCAGACCAGCTER
CACGGGGGCTACTACTTCTCCTTCTGGACCGACAACGGCGECACCGTCAA
CTACTGGAACGGCGACAATGGCAGATACGGTGTCCAGTGGCAGAACTECG
GCAACTTTGTCGGCEGTAAGGCATGGAACCCCGACECEECECAGACCATC
AACTTCAGCGGCTCCTTCAACCCGTCGEGCAACGEETACCTGGCCETATA
CGGETGCACGCAGAACCCGCTGATCGAGTACTACATCGTCGAGTCGTTCG
GCACGTACGACCCATCGTCECAGGCCCAGETCCTCEGCACCTTCTACCAG
GACGGCAGCAACTACAAGATCGCCAAGACGACCCECTACAACCAGCCCTC
CATCGAGGGCACCAGCACCTTCGACCAGTTCTGATCCGTCCGCGAGAACT
ACCGCACCAGCGGCAGCGTCAACGTCEECECCCACTTCGCCCECTCGCAG
CAGECCGECCTCCGCCTCGECACCCACAACTACCAAATCATGGCCACCGA
GEGCTACCAGAGCAGCGECTCCTCCGATAT CACCGTCTGGTAA

(SEQ ID NO: 89)
MVSFKALVLGAVGALSFPFNVTELSEAHARGENV TELLMSRAGTPSQTGH
HEGYYF SFWTDNGGTVN YWNGDNGRYGV QWQNCGNFVGGKGWNPGAART T
NFSGSFNPSGNGYLAVYGWTQNPLIEYY IVESFGTYDPS SQAQVLGTFYQ
DGESNYKIAKTTRYNQPSIEGTSTFDQFWSVRENHRTSGS VNVGAHFARWQ
QAGLRLGTHNYQIMATEGYQSSGSSDITVIW

(SEQ ID NO: 88)
FPFNVTELSEAHARGENVTELLMSRAGTPSQTGWHGGYYFSFWTDNGGTV
NYWNGDNGRYGVQWQNCGNFVGGKGWNPGAARTINF SGS FNPSGNGY LAV
YGWTQNPLIEYYIVESFGTYDPSSQAQVLGTFYQDGSNYKIAKTTRYNQP
STEGTS TFDQFWSVRENHRTSGS VNVGAHFARWQQAGLRLGTHNYQT MAT
EGYQSSGSSDITVH

Xy12202:

(SEQ ID NO: 90)
ATGGTTTCTGTCAAGGCAGTCCTCCTCCTCGGCECCECCGGCACCACCCT
GECCTTCCCETTCAACGCTACCCAGTTCAGCGAGCTCETTGCCCEGECCa
GCACCCCGAGCEECACCEECACGCACGACGECTTCTACTACTCCTTCTGG
ACCGACGECEECEGCAACGTCAACTACGAGAACGETCCTGGCGECTCCTA
CACCGTCCAGTGECAGAACTGCGECAACTTTGTCGGCGGCAAGGGCTGEA
ACCCCGECCAGGCCCECACCATCACCTACT CGEECACCETCEACTTCCAG
GECEGCAACGECTACCTGECCATCTACGEC TGGACGCAGAACCCGCTCAT
CGAGTACTACATCGTCGAGTCGT TCGGCTCETACGACCCCTCETCGCAGE
CCCAGACTTTCGGCACCATCGAGETGGACGECCECACCTACACGCTGECC
AAGACGACGCGCETCAACCAGCCCTCEATCGAGGGCACCAGCACCTTCGA
CCAGTTCTGGTCCGT CCGCCAGCAGCACCGCACCTCCGGCTCCGTCGACE
TCGECGCCCACTTCEACGCCTEEECCARGGCCEECCTCCAGCTCAGCACT
CACAACTACAGATCGTCGCCACCGAGGGCTACCAGAGCAGCGECTCCTCT
TCCATCACCGTCCAGGCCTAAGAGEGCCCTCAGGCCTTTGCTCTACTGCC
CTCTCCTCTCCTCTGCGCT TTCCGTARGGGAGATCTAA

(SEQ ID NO: 92)
MVSVKAVLLLGAAGT TLAFPFNATQFSELVARAGTPSGTGTHDGFYYSEFW
TDGGGNVNYENGPGGSY TVQWONCGNFVGGKGWNPGQARTI TYSGTVDFQ
GGNGYLAI YGWTQNPLIEYYIVESFGSYDPSSQAQTFGTVEVDGGTY TLA
KTTRVNQPSIEGTSTFDQFWSVRQQHRT SGSVDVGAHFDAWAKAGLQLGT
HNYRSSPPRATRAAAPLPSPSRPKRALRPLLYCPLLSSALSVRET

(SEQ ID NO: 91)
FPFNATQF SELVARAGTPSGTGTHDGFYYSFWTDGGGNVNYENGPGGSYT
VQWQNCGNFVGGKGWNPGQARTI TYSGTVDFQGENGYLAT YGWTQNPLIE
YYIVESFGSYDPSSQAQTFGTVEVDGGTYTLAKTTRVNQPS IEGTSTFDQ
FWSVRQQHRTSGSVDVGAHFDAWAKAGLQLGTHNYRSSPPRATRAAAPLP
SPSRPKRALRPLLYCPLLSSALSVRET

BXyl17994:

(SEQ ID NO: 93)
ATGATAATGATGAGACTCAAGTCGGGACTGGCCGGGGCGCTGGCCTGGGGE
AACGACGGCGGCGGCGGCGEGCGGCEGTGGCGAGAGTGGGAGCCGGCGCGE
CCGCGAACTCGACCTACTACAACCCGATCCTCCCCGGGTGGCACTCGGAC
CCGTCGTGCGTGCAGGTGGAGGGGATCTTCTACTGCGTGACGTCGACCTT
CATCTCGTTCCCCGGCCTGCCCATCTACGCGTCCCGGGACCTGATCAACT
GGAAGCACGTCAGCCACGTGTGGAACCGCGAGTCCCAGCTGCCCGGGTAC
AGCTGGGCGACGGAGGGCCAGCAGGAGGGCATGTACGCGGCGACGATCCG
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GCACCGCGAGGGCGTCTTCTATGTCATCTGCGAGTACCTGGGCGTCGGCE
GCAGGGACGCCGGECGTGCTCTTCCGGGCGACGGACCCETTCGACGACGCE
GCCTGGAGCGACGCCCTGACCTTCGCCGCGCCCARGATCGACCCGGACCT
GTTCTGGGACGACGACGGGACGGCCTACGTGGCGACGCAGGGCETGCAGE
TGCAGCGCATGGACCTCGACACGEGCGCCATCGGCCCGCCCGTECCGCTG
TGGAACGGGACGGECEEEETGTGEC CCCAGGGECCCGCACATCTACCGCCG
CGCCGACCACTTCTACCTCATGATCGCCGAGGGCGECACGGCCGAGGACT
ACGCCATCACCATCGCCCGCAGCGACCGECTGACGGGGCCCTACGTCTCC
TGCCCGCACAACCCGATCCTGACCAACCGCGGCACGGACGAGTACTTCCA
GACGGTCGGCCACGGCGACCTCTTCCAGGACGCCGCCGGCARCTGETCGE
GCGTCGCCCTGGCCACGCGCTCCGGCCCGEAGTACCGCGTCTACCCGATGE
GGGCGCGAGACCGTGCTGTTCCCCGTCACCTGGCGCGAGEGCGACTGGCC
GGTCCTGCAGCCCGTGCGCGGCGCCATGTCGEGCTGGCCGCTGCCGCCGT
CGACGCGCGACCTGCCCGECGACGEECCCTTCAACGCGGACCCGGACGTG
ARGGCGATGCCGCGGAACCTGGTGCACTGGCGGEETCCCGCGCGAGGGCGE
CTTCGCGACCACGGCGCECGEECTCCGCETCECGCTCGGECGCARCCGGT
TCGACGGCTGGCCCGEGEECGCCCAGCCGGCCECCAGGECCGTCTCCTTC
GTGGGGCGCCGCCAGACCGACAGCCTCTTCACCTTCAGCGAGGCCGGCGT
GACCGCGTTCCTGACCCAGCTCGCCAACCTGCAGCTCGGCCTGETCCTCC
CTGGACGGCGGECCAGCTEGCGECTCCGCTTCATCGCGTCGGGCCACGTCA
CGCGATACCGCGGTGCCGGAGGACTGCACCGATGTCGGCAGCTGTGACGS
CGGTGACGACGGCGETGACGGCGEETACCGETTCGCGGCCATGCTGGCGT
CCGACCCGGACCCGGACCGCACCCGGATCGAGGTCGGCACCGCECCGRCT
GAGCTGCTCAGCGGCGGCTCCGECTCCTTCGTCGGCACCCTGCTCGGCGT
CTACGCCACCTGCAACGGGGC CGCGGAGGGCATCGACTGCCCCGCCGGCA
CGCCCGACGCTTACTTCACCCGETGGAGGTACACGEGCGAGGGCCAGTTC
TACACCGAGACCGATCTCGTCCCGCCCCACGAGGGC CAGGGCARGGGTAR
AGGTAAAGGGAACGGTARAGGCAAGGGCAACGGCAACGGCAACGGCARAG
CCGCCAAGAGAAGCAGGTTTCCAAGGTGGACGCCGGGTCTARATGGCGTC
GTTATCCCGCCCCTGTGGATCATGGAGGACGACCCGGAGACCCGCTGGCC
GGCCCAGAAGCGGGCTGGEGCGEGCGEGCAGAGCTACGTCTTCCGCCACGE
GCAACCTGCACACAGTTCGGGATGAGAATGATGCCTTCAAGGGCGCCTCT
CTCTGCGTACCTTACCATACCTACCTTGCCAAGGTGATCCAGGCACTTAC
TCTCAACTTTGCGCATCTTTTCGGGGCETGGAGACTGACGGTGTAG

(SEQ ID NO: 94)
MIMMRLKSGLAGALAWGTTAAAAAAVARVGAGAAANSTYYNPILPGWHSD
PSCVQVEGIFYCVTSTFISFPGLPIYASRDLINWKHVSHVWNRESQLPGY
SWATEGQQEGMYAATIRHREGVFYVICEYLGVGGRDAGVLFRATDPFDDA
AWSDALTFAAPKIDPDLFWDDDGTAYVATQGVQVORMDLDTGAIGPPVPL
WNGTGGVWPEGPHI YRRADHF YLMIAEGGTAEDHAI TIARSDRLTGPYVS
CPHNPILTNRGTDEYFQTVGHGDLFQDAAGNWHGVALATRSGPEYRVYPM
GRETVLFPVTWREGDWPVLQPVRGAMS GWPLPPPTRDLPGDGPENADPDV
KAMPRNLVHWRVPREGAFATTARGLRVALGRNRLDGWPGGAEPAARAVSF
VGRRQTDSLFTFSEAGVTAFLTQLANLQLGLVLPGRRASCGSASSRRATS
RDTAVPEDCTDVGS CDGGDDGGDGGYRFAAMLASDPDPDRTRI EVGTAPA
ELLSGGSGSFVGTLLGVYATCNGAGEGIDCPAGTPDAYFTRWRYTGEGQR
Y TETDLVPPDEGQGKGKGKGNGKGKGNGNGNGKAAKRSRF PRWTPGLNGV
VIPPLWIMEDDPETRWPAQKRAGAGGQSYVFRHGNLHTVRDENDAFKGAS
LCVPYHTYLAKVIQALTLNFAHLFGAWRLTV

(SEQ ID NO: 95)
WGTTAAAAAAVARVGAGAAANSTYYNPILPGWHSDPSCVQVEGIFYCVTS
TFISFPGLPIYASRDLINWKHVSHVWNRESQLPGYSWATEGQQEGMYAAT
IRHREGVFYVICEYLGVGGRDAGVLFRATDPFDDAAWSDALTFAAPKIDP
DLFWDDDGTAYVATQGVQVORMDLD TGAIGPPVPLWNGTGGVWPEGPHI Y
RRADHFYLMIAEGGTAEDHAI TIARSDRLTGPYVSCPHNPILTNRGTDEY
FQTVGHGDLFQDAAGNWWGVALATRSGPEYRVYPMGRETVLEPVTWREGD
WPVLQPVRGAMS GWPLPPPTRDLPGDGPENAD PDVKAMPRNLVHWRVPRE
GAFATTARGLRVALGRNRLDGWPGGAEPAARAVSFVGRRQTDSLETFSEA
GVTAFLTQLANLQLGLVLPGRRASCGSASSRRATSRDTAVPEDCTDVGSC
DGGDDGGDGGYRFAAMLASDPDPDRTRIEVGTAPAELLSGGSGSFVGTLL
GVYATCNGAGEGIDCPAGTPDAYFTRWRYTGEGQFY TETDLVPPDEGQGK
GKGKGNGKGKGNGNGNGKAAKRSRFPRWTPGLNGVVIPPLWIMEDDPETR
WPAQKRAGAGGQSYVFRHGNLHTVRDENDAFKGASLCVPYHTYLAKVIQA
LTLNFAHLFGAWRLTV

BXyl45310:

(SEQ ID NO: 96)
ATGGGGCGCCTAAACGATCTCATAGCCCTCCTTGCACTGTTGAGCGGCAG
TGCCACATCCGCTGCCGTAAGAAACACGGCTTCTCAGGCTCGCGCGGCGG
AATTCAACAACCCGGTGCTCTGGGAGGACTATCCGGACCTGGACGTGTTC
CGGGTCGGGTCGACCTTCTACTACTCCTCCTCCACGTTCGCCTACTCCCC
GGGGGCTCCGGTGCTCAAGTCGTACGACCTGGTGAACTGGACCCCCGTCA
CCCACTCGGTCCCGACGCTCAACTTTGGGGACCGCTACAACCTCACGGGTC
GGCACGCCGGCCGGCTACGTCAAGGGCATCTGGGCGTCGACGCTGCGGTA
CCGGCCCTCCAACGACAAGTTCTACTGGTACGGCTGCGTCGAGTTCGGCA
AGACGTACATCTGGACCAGCTCCGGCACGCGCGCGGGCGACAGGGACGGC
GAGGTGGACCCCGCCGACTGGGTCTGGGAGCCGCACCCGCCCATCGACCG
GTGCTACTACGACAGCGGCCTGTTGATCGACGACGACGACAAGATGTACA
TCGCGTACGGCAACCCCAAGATCGAGGTCGCCGAGCTGTCCGACGACGGG
CTCACCGAGGTCTCCTCCCGGGTCGTCTACACCCCGCCGGCCGGCACCALC
CATCGAGGGCTCGCGCATGTACAAGGTCGGCGACGCCTACTACATCCTGG
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TGACGCGGCCGGCCGACGCCGAGTGGGTGCTCCGGT CGACGTCCGGGCCC
TTTCGGCCCGGCGGCATGETCGACACCCCGGACGGCCGCAGCTGGTACTA
CGTCGCCTTCATGGACGCGTACCCGGGGEGGCCGCATCCCCGTGGTCGCGT
CGCTGCGCTGGACGGACGACGGGTGGCCCGAGGTGGTGACGGACGCGCAG
GGCGGCTGGGGCGCCAGCTACCCGGTCCCCGTGGAGACGGGCAAGACGGT
GCCGGACGACGGCTGGGAGCTGGACGAGTTCAGGGGCGGCCGGCTGAGCC
ACCACTGGGAGTGGAACCACAACCCGGACCCGGCCCGCTTCGCGCTCGCG
GGCGGGGACGAGGGCGEGC TGGTGCTGCAGGCGGCGACGGTGACGGAGGA
CCTGTTCGCGGCCAGGAACACGCTCACGCGGAGGAT CAGGGGCCCCAAGT
CGAGCGGCACGTTCCGGCTGGACGTCAGCAGGATGCGCGACGGCGACCGG
GCCGGGGCCGTGCTGTTCCGGGACACGGCGGCGTATATCGGCGTGTGGAA
GCAAGGGGACGAGGCCACCATCGTCGTAGTCGACGGCCTTGAGCTGGCTC
TGAGCTCCTGGACGACCGTCT CGACCGGGAGGGTGGCCGAGACGGGCCCG
ACCCTGAGCAGCACGCAGGATGT CTGGCTCCGGATCGAGGCCGACATCAC
GCCCGCGTTCGGGACCAACACGGCAAGGACCACGACTTTCTCGTACAGTG
TGGACGGCGGGAAGACCTTTGTCCGTCTTGGCCCGGCCTTCTCGATGAGC
AATACTTGGCAATACTTTACGGGCTACAGGTTCGGAGTCTTCAACTTTGC
CACCAAGGAGCTTGGGGGCGAAGTCAAGGT CAAGAGCTTCCAGATGCAGC
CTCTGTGA

(SEQ ID NO: 97)
MGRLNDLIALLALLSGSATSAAVRNTASQARAAEFNNPVLWEDYPDLDVF
RVGSTFYYSSSTFAYSPGAPVLKSYDLVNWTPVTHSVPTLNFGDRYNLTG
GTPAGYVKGIWASTLRYRPSNDKFYWYGCVEFGKTYIWTSSGTRAGDRDG
EVDPADWVWEPHPPIDRCYYDSGLLIDDDDKMYIAYGNPKIEVAELSDDG
LTEVSSRVVYTPPAGTTIEGSRMYKVGDAYYILVTRPADAEWVLRSTSGP
FRPGGMVDTPDGRSWYYVAFMDAYPGGR I PVVAPLRWTDDGWPEVVTDAQ
GGWGAS YPVPVETGKTVPDDGWELDEFRGGRLSHHWEWNHNPDPARFALA
GGDEGGLVLQAATVTEDLFAARNTLTRRIRGPKS SGTFRLDVSRMRDGDR
AGAVLFRDTAAYIGVWKQGDEAT IVVVDGLELALSSWTTVSTGRVAETGP
TLSSTQDVWLRIEADITPAFGTNTARTTTFSYSVDGGKTFVRLGPAFSMS
NTWQYFTGYRFGVFNFATKELGGEVKVKSFQMQPL

(SEQ ID NO: 98)
VRNTASQARAAEFNNPVLWEDYPDLDVFRVGSTFYYSSSTFAYSPGAPVL
KSYDLVNWTPVTHSVPTLNFGDRYNLTGGTPAGYVKGIWASTLRYRPSND
KFYWYGCVEFGKTYIWTSSGTRAGDRDGEVDPADWVWEPHPPIDRCYYDS
GLLIDDDDKMYIAYGNPKIEVAELSDDGLTEVSSRVVYTPPAGTTIEGSR
MYKVGDAYYILVTRPADAEWVLRSTSGPFRPGGMVDTPDGRSWYYVAFMD
AYPGGRIPVVAPLRWTDDGWPEVVTDAQGGWGAS YPVPVETGKTVPDDGW
ELDEFRGGRLSHHWEWNHNPD PARFALAGGDEGGLVLQAATVTEDLFAAR
NTLTRRIRGPKSSGTFRLDVSRMRDGDRAGAVLFRDTAAYIGVWKQGDEA
TIVVVDGLELALSSWTTVS TGRVAETGPTLSS TQDVWLRIEADITPAFGT
NTARTTTFSYSVDGGKTFVRLGPAFSMSNTWQYFTGYRFGVFNFATKELG
GEVKVKSFQMQPL

Bxyl120937:

(SEQ ID NO: 99)
ATGACGATGCTCAAGTCGGCCCTCCCCECEGCECTEECCCTCCTCCTAAC
GECEGCCAACGECCACCCTTCCAGGACCCCGECAECEECEACAECEEEaa
GATGGGCACCECTGGCGAATGECACATTCCGGAACCCEATCCTGTACCAG
GACTTCCCGEACAACGACGTGTCGATCEGGCCGRACGEEECCTTCTACCT
GTCEGCGTCCAACTTCCACTT CAGCCCCEEEACECCCATCCTGCGGTCTT
ACGACCTGGTCGACTGEGAGT TTETGGGCCACTCGATCCCGCECCTCGAC
TTCEGCGCCGECTACGACCTECCECCGACGEECEAGCGGECETACCGCET
GEGCACGTEEGCETCGACGCTGCGATACCECCAGAGCACGEGGCTCTGAT
ACTGGATCGGATGCACCAACT TCTGECGCACCTEGETCTTCACCECCCCE
GCGCCCEAGEEECCCTGEACC CGGGCEEECEACTTCGECCACGECETATS
CTTCTACGACAACGGCCTGCTGETCGACGACGACGACACCATGTACGTCG
TCTACACCCACGACGGCGGCAAGCEGATCCACGTGACCCAGCTGAGCECE
GACGGGCTEAGCECCATCCGCACCGAGACCETCCTEETGCCGGAGCAGET
CGECGTCGACGCCCTCGAGGGCAACCGCATGTACAAGATCGACGGCCECT
ACTACATCCTCAACGACCACCCGEECACCACCECCTACGTCTGGAAGTCC
GACTCGCCCTGEEET CCCTACGAGGGCARGGCGCTEGCCCACARCGTCGC
CAGCCCCCTECCCEECEGCEECECCCCGCACCAGGRCAGCCTGATGCCCA
CGCCCTCGGACECCTGATACTTTATGTCCTTCACCTGGGCCTACCCGTCC
GECCGCCTECCCETACTEECCCCGATCEAGTTCCAGCCECACGRRTTCCC
GACCCTCGECECCTEETACTT TATGTCCTTCACCTGGECCTACCCGTCCG
GCCECCTECCCETAC TGECCCCGATCEAGT TCCAGCCEGACGARTTCCCG
ACCCTCGTCACCGCCAAGGACAACAACAACAACAACAACAACAACGCCTE
GEGCGCCAGCTACCCGCTECCECCACTACCECGCCEECCECTAGGCTACT
CGTEGTCGCAEECECEETACGACTTCAGCGCECTCECCGAACTGCCGCCC
GCGTTCGAGTGGAAC CACAACCCGGACGCGAGCAACTACACGCTGGGAGS
GAACGGCGCTGCCEGCCTEAT CCTGCEEGCCECCACCETCGCECCCEACG
ACGACCTGTACTCGGCECECAACACGCTGACGCACCECGCCCACGERCCC
TTCCCCTCGRCCACGCTGATCCT CGACGTCGCGGACATGGCCCACGGCEA
CCECECCEGACTEECCECCTTCCGCGACCGCAGTGCCTACATCGGCATCC
ACTGCTCCTCCTCCTCTGATGAGAAGAAGAAGAAGACGTACGAGETCGTE
GCGCGATTCAACATGACGCTGCACGAGTGGCGCAGCGECCAGACGCTCGA
TCTGGGCCAGGTECTGCAGCEEETCEAGCTEECC TCGEGCETGACGCECE
TGTGGC TGCGGECEAGCATEGACGCECEGCCCCACGGCGAGCEGACGECT
CGETTCGGATACAGCETCGACGEEEECEAGACCTTTGCCEECCTAGRECT
CGCCTACCAACTCTACGCCEEGTGECCCTTCTTTGTCGGCTACCGCTTCG
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CCGTCTTCAACTACGCCACCARAGGCCCTCGGCGGGAGCGTCACCGTCCTG
AGCCTCGAGACCCGACTCGGGCGAGGGTGAGCGCGATGCCGAGCARGCGTE
a

(SEQ ID NO: 100)
MTMLKSALPAALALLLTAANGHPSRTPAAAAAGGWAPLANGTFRNPILYE
DFPDNDVSVGPDGAFYLSASNFHFS PGAPI LRSYDLVDWEFVGHS IPRLD
FGAGYDLPPTGERAYRAGTWASTLRYRESTGLWYWIGCTNFWRTWVETAP
APEGPWTRAGDFGDGVCFYDNGLLYDDDDTMYVVYTHDGGKRVHVTQLSA
DGLSAVRTETVLVPEQAGVDALEGNRMYKIDGRY YILNDHPGTTAYVWKS
DSPWGPYEGKALADNVASPLPGGGAPHQGS LVPTPSGAWYFMSFTWAYPS
GRLPVLAPIEFQPDGFPTLGAWYFMSFTWAYPSGRLPVLAPIEFQPDGEP
TLVTAKDNNNNNNNNAWGASYPLPPLPRRPLGYPWSRARYDFSALAELPP
AFEWNHNPDASNYTLGGNGAAGLILRAATVAPDDDL YSARNTL THRAHGP
FPSATLVLDVADMADGDRAGLAAFRDRSAYIGTHCS SSSDEKKKKTYEVY
ARFNMTLDEWGSGETLDLGEVVERVELASGVTRVWLRASMDARPDGERTA
RFGYSVDGGETFAGLGPAYQLYAGWPFFVGYRFAVENYATKALGGSVTVL
SLETDSGEGERDAEQA

(SEQ ID NO: 101)
HPSRTPAAAAAGGWAPLANGTFRNPILYEDFPDNDVSVGPDGAFYLSASN
FHFSPGAPILRS YDLVDWEFVGHS I PRLDFGAGYDLPPTGERAYRAGTWA
STLRYRES TGLWYWIGC TNFWRTWVFTAPAPEGPWTRAGDFGDGVCFYDN
GLLVDDDDTMYVVY THDGGKRVHVTQLSADGL SAVRTETVLVPEQAGVDA
LEGNRMYKIDGRYYILNDHPGTTAYVWKSDSPWGPYEGKALADNVASPLP
GGGAPHQGSLVPTPSGAWYFMSFTWAYPSGRLPVLAPI EFQPDGEFPTLGA
WYFMSFTWAYPSCGRLPVLAPI EFQPDGFPTLV TAKDAWGASYPLPPLPRR
PLGYPWSRARYDFSALAELPPAFEWNHNPDASNY TLGGNGAAGLILRAAT
VAPDDDLYSARNTLTHRAHGPFPSATLVLDVADMADGDRAGLAAFRDRSA
YIGIHCSSSSDEKKKKTYEVVARFNMTLDEWGSGETLDLGEVVERVELAS
GVTRVWLRASMDARPDGERTARFGY SVDGGETFAGLGPAYQLYAGWPEEV
GYRFAVFNYATKALGGSVTVLSLETDSGEGERDAEQA

Xyl5:

(SEQ ID NO: 102)
ATGGTTACCCTCACTCGCCTGGCGGTCGCCGCGGCGGCCATGATCTCCAG
CACTGGCCTGGCTGCCCCGACGCCCGAAGCTGGCCCCGACCTTCCCGACT
TTGAGCTCGGGGTCAACAACCTCGCCCGCCGCGCGCTGGACTACAACCAG
AACTACAGGACCAGCGGCAACGTCAACTACTCGCCCACCGACAACGGCTA
CTCGGTCAGCTTCTCCAACGCGGGAGATTTTGTCGTCGGGAAGGGCTGGA
GGACGGGAGCCACCAGAAACATCACCTTCTCGGGATCGACACAGCATACC
TCGGGCACCGTGCTCGTCTCCGTCTACGGCTGGACCCGGAACCCGCTGAT
CGAGTACTACGTGCAGGAGTACACGTCCAACGGGGCCGGCTCCGCTCAGG
GCGAGAAGCTGGGCACGGT CGAGAGCGACGGGGGCACGTACGAGATCTGG
CGGCACCAGCAGGTCAACCAGCCGTCGATCGAGGGCACCTCGACCTTCTG
GCAGTACATCTCGAACCGCGTGTCCGGCCAGCGGCCCAACGGCGGCACCG
TCACCCTCGCCAACCACTTCGCCGCCTGGCAGAAGCTCGGCCTGAACCTG
GGCCAGCACGACTACCAGGTCCTGGCCACCGAGGGCTGGGGCAACGCCGG
CGGCAGCTCCCAGTACACCGTCAGCGGC

(SEQ ID NO: 103)
MVTLTRLAVAAAAMISSTGLAAPTPEAGPDLPDFELGVNNLARRALDYNQ
NYRTSGNVNYSPTDNGYSVSFSNAGDFVVGKGWRTGATRNITFSGSTQHT
SGTVLVSVYGWTRNPLIEYYVQEYTSNGAGSAQGEKLGTVESDGGTYEIW
RHQOQVNQPSIEGTSTFWQYISNRVSGQRPNGGTVTLANHFAAWQKLGLNL
GOHDYQVLATEGWGNAGGSSQYTVSG

(SEQ ID NO: 104)
APTPEAGPDLPDFELGVNNLARRALDYNQNYRTSGNVNYSPTDNGYSVSF
SNAGDFVVGKGWRTGATRNITFSGSTQHTSGTVLVSVYGWTRNPLIEYYV
QEYTSNGAGSAQGEKLGTVESDGGTYEIWRHQQVNQPSIEGTSTFWQYIS
NRVSGQORPNGGTVTLANHFAAWQKLGLNLGQHDYQVLATEGWGNAGGSSQ
YTVSG

BXyl7:

(SEQ ID NO: 105)
ATGTTCTTCGCTTCTCTGCTGCTCEGTCTCCTEECEEGCETETCCGCTTC
ACCGGGACACGGGCEEAATTCCACCTTCTACAACCCCATCTTCCCCGGCT
TCTACCCCGATCCGAGC TGCATCTACGTGCCCGAGCGTGACCACACCTTC
TTCTGTGCCTCETCGAGCTTCAACGCCTTCCCGGGCATCCCGATTCATGE
CAGCAAGGACCTGCAGAACTGGAAGTTGATCGGCCATGTGCTGAATCGCA
AGGAACAGCTTCCCCGECTCGCTGAGACCAACCEGT CGACCAGCEGCATC
TGGEGECACCCACCCTCCGATTCCATGACGACACCT TCTGETTGGTCACCAC
ACTAGTGGACGACGACCGGCCGCAGGAGCACGCTTCCAGATGGGACAATA
TTATCTTCAAGGCAAAGAATCCGTATGATCCGAGGT CCTGETCCARAGECC
GTCCACTTCAACTTCACTGGC TACGACACGEAGCCTTTCTGGGACGAAGA
TGEAAAGGTGTACATCACCGECGCCCATGCTTGGCATGTTGGCCCATACA
TCCAGCAGGCCGAAGTCGATCTCGACACGGEECECCATCEECEAGTGGCEC
ATCATCTGGAACGGAACGEGCGGCATGECTCCTGAAGGGCCGCACATCTA
CCGCARAGATGEGTCCTACTACT TGCTGECTGCTGARAGGGGCCACCGGCA
TCGACCATATGGTGACCATGGCCCGATCGAGAAARATCTCCAGTCCTTAC
GAGTCCAACCCARACAACCCCGTGTTGACCAACGCCAACACGACCAGTTA
CTTTCARACCGTCGGGCATTCAGACCTGTTCCATGACAGACATGGGAACT
GGTGGGCAGTCECCCTCTCCACCCGCTCCGETCCAGAATATCTTCACTAC
CCCATGGGCCECGAGACCAGTCATGACAGCCETGAGC TGGCCCGARGGACGA
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GTGGCCAACCTTCACCCCCATATCTGGCAAGATGAGCGGCTGGCCGATGE
CTCCTTCGCAGAAGGACATTCGCGCAGT CGGCCCCTACGTCAACTCCCCC
GACCCGGAACACCTGACCTTCCCCCGCTCGGCGCCCCTGCCGGECCCACCT
CACCTACTGGCGATACCCGAACCCGTCCTCCTACACGCCGTCCCCGCCCG
GGCACCCCAACACCCTCCGCCTGACCCCGTCCCGCCTGAACCTGACCGCC
CTCAACGGCAACTACGCGGGGGCCGACCAGACCTTCGTCTCGCGCCGGCA
GCAGCACACCCTCTTCACCTACAGCGTCACGCTCGACTACGCGCCGCGGA
CCGCCGGEGAGCAGGCCGECGTGACCGCCTTCCTGACGCAGAACCACCAC
CTCGACCTGGGCGTCETCCTGCTCCCTCGCGECTCCGCCACCGCGCCCTC
GCTGCCGGGCCTGAGTAGTAGTACAACTACTACTAGTAGTAGTAGTAGTC
GTCCGGACGAGGAGCAGGAGCGCGAGGCGGGCGAAGAGGAAGAAGAGGGT
GGACAAGACTTGATGATCCCGCATGTGCGGTTCAGGGGCCAGTCGTACGT
GCCCETCCCGGCGCCCGTCGTGTACCCGATACCCCGGECCTGGAGAGGCE
GGAAGCTTGTGTTAGAGATCCGGGCTTGTAATTCGACTCACTTCTCGTTC
CGTGTCGEGCCCGACCGGACACGETCTGAGCGCACGETGGT CATGGAGGT
TTCGAACGAGGCCGTTAGCTGGGGCTTTACTGGAACGCTGCTGGGCATCT
ATGCGACCAGTAATGGTGGCAACGGAACCACGCCGGCGTATTTTTCGGAT
TGGAGGTACACACCATTGGAGCAGTTTAGGGAT

(SEQ ID NO: 106)
MFFASLLLGLLAGVSASPGHGRNSTFYNPIFPGFYPDPSCIYVPERDHTF
FCASSSFNAFPGIPIHASKDLONWKLIGHVLNRKEQLPRLAETNRSTSGI
WAPTLRFHDDTFWLVTTLVDDDRPQEDASRWDNI IFKAKNPYDPRSWSKA
VHFNFTGYDTEPFWDEDGKVYITGAHAWHVGPYIQQAEVDLDTGAVGEWR
IIWNGTGGMAPEGPHIYRKDGWYYLLAAEGGTGIDHMVTMARSRKISSPY
ESNPNNPVLTNANTTSYFQTVGHSDLFHDRHGNWWAVALSTRSGPEYLHY
PMGRETVMTAVSWPKDEWPTFTPISGKMSGWPMPPSQKDIRGVGPYVNSP
DPEHLTFPRSAPLPAHLTYWRYPNPSSYTPSPPGHPNTLRLTPSRLNLTA
LNGNYAGADQTFVSRRQOHTLFTYSVTLDYAPRTAGEEAGVTAFLTQNHH
LDLGVVLLPRGSATAPSLPGLSSSTTTTSSSSSRPDEEEEREAGEEEEEG
GQDLMIPHVRFRGESYVPVPAPVVYPIPRAWRGGKLVLEIRACNSTHFSF
RVGPDGRRSERTVVMEASNEAVSWGFTGTLLGIYATSNGGNGTTPAYFSD
WRYTPLEQFRD

(SEQ ID NO: 107)
SPGHGRNSTFYNPIFPGFYPDPSCIYVPERDHTFFCASSSFNAFPGIPIH
ASKDLONWKLIGHVLNRKEQLPRLAETNRSTSGIWAPTLRFHDDTFWLVT
TLVDDDRPQEDASRWDNIIFKAKNPYDPRSWSKAVHFNFTGYDTEPFWDE
DGKVYITGAHAWHVGPYIQQAEVDLDTGAVGEWRIIWNGTGGMAPEGPHI
YRKDGWYYLLAAEGGTGIDHMVTMARSRKISSPYESNPNNPVLTNANTTS
YFQTVGHSDLFHDRHGNWWAVALSTRSGPEYLHYPMGRETVMTAVSWPKD
EWPTFTPISGKMSGWPMPPSQKDIRGVGPYVNSPDPEHLTFPRSAPLPAH
LTYWRYPNPSSYTPSPPGHPNTLRLTPSRLNLTALNGNYAGADQTFVSRR
QQHTLFTYSVTLDYAPRTAGEEAGVTAFLTOQNHHLDLGVVLLPRGSATAP
SLPGLSSSTTTTSSSSSRPDEEEEREAGEEEEEGGQODLMIPHVRFRGESY
VPVPAPVVYPIPRAWRGGKLVLEIRACNSTHF SFRVGPDGRRSERTVVME
ASNEAVSWGFTGTLLGIYATSNGGNGTTPAYFSDWRYTPLEQFRD

The following sequences comprise additional xylanase
(Xyl), beta-xylosidase (BXyl), and alpha-xylosidase (AXyl)
sequences of interest. The first sequence provided in each set
below comprises the cDNA sequence, the second sequence
is the polypeptide sequence with no signal sequence pre-
dicted.

Xy18836:

(SEQ ID NO: 108)
ATGCTGAACCTATCCCACACCGAGCACACTCTCTTTCGCCCTCTCCCCCT
TTCCCTCCCTCATCACCACCACCACCACCACTTCATTGTCEGCCACCECC
CGCCCEAGGCECTECGCAACECCATCACGCECCACATCCECECCATCECC
GECTACTACCECEECCGCTEC TACGCCTGECACGTEETCAACGAGGCGCT
CGACGAGGACGECACCTACCGCAAGAGCCTCTTCTACAACGTCCTCGECE
ACGAGTACATCCGCATCGTCAAGACCTTCGAGAAGC TGATCCGCGAGAAG
CCARAGCCGGECTTCAAGCGCAAGAGGARAACCGTAGCAGCAAACTAA

(SEQ ID NO: 109)
MLNLSHTEHTLFRPLPLSLPHHHHHHHF IVGRRPPEALRGAT TRHIRAVA
GYYRGRCYAWDVVNEALDEDGTYRKSLFYNVLGDEY IRIVKTFEKLIREK
PKPGFKRKRKTVAAN

AXy1267:

(SEQ ID NO: 110)
ATGGAGGAGCAAGCGACTCCAAGACCCCAATCGAGTATCGTGCAGATGCA
GAGGCACATGCTCAACTCECGCTGRCATGCCAGGCETTTGGCCAACARAC
CCCACGGCATCTTCCCAAGCTTGCATGGACAT CTAAGGACCTACACCAAG
GATATCCGACCAGCCCCEACC TGGCGEETCCCACAATGECTCATGGCCCA
GGGCGTACAAGTCCAATACGC CGAGGAAGTATACCGAAT CACTCCCACGE
CCTCGGGCAAGGGAATCAGCCTCTTGTGCCCGACGCGCARGATCT TGAAC
CGTGGCAACACTCTGAACCTGGCAACGCTCAGCATCGACATCGAGCCGEC
TTTTGATGGCGTCCTCTCTGTCGAGACCACCCACTGGCAAGGCGCCETCC
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GTCGCGGACCCGACTTCGACCTCTTCCCCGCCGGECCGECCCGAGGTGCAC
GCCAAGGTGACCAAGACGGAGAGCGGCACCACCCTGTCGTCCGGGACGCT
CTCGGCGACAGT CAGCGGCAAGCCGCACGAGT TCGAGATCGCCTTCCATC
CGACCGGEGECARGAAGCCCCTGACCACCCTGCTCAACCGGTCAGTCGGT
CTGGCCTACACGCCCGCCCCGAGCACGCCCATGCAGCTGGCCGACATGCG
CAACTTCCGCCACTACATCTTCACCCAGACCACCCTCGCCGTCGGCGAGT
CCATCCACGGGCTCGECGAGCGCTTCGGGCCCTTCAACAAGGTCGGCCAG
AGGGTCGAGCTGTGGAACGCGGACGGGGGCACCTCGTCCGACCAGGCGTA
CAAGAACGTGGGCTTCTGGATGAGC TCGCGCGGCTACGETGTCTTCGTCG
ACACTCCCGGGCGCGTCGAGC TCGAGATCGGGAGCGAGCGGTGCTGCCGE
CTCCAGACGAGCGTCCAGGGGCAGCGECTCCGCTGETTCATCATCTACGG
GCCCTCCCCGCGCGACATCCTGCGCCGGTACTCGGTCCTCACCGGAGCCC
CCGGCAGCGTGCCCAGCTGETCCTTCGGCCTGTGGCTCAGCACGTCCTTC
ACCACCTCGTACCACGAGGAGACGGTCAACAGCTTCCTGGCCGGCATGAG
GGCGCGCGACATACCCGTCGAGGTCTTCCACT TCGACTGCTTCTGGCTCA
AGGCGTTCCAGTGGTGCGACT TCGAGT TCGACCGCGACATGTTCCCGGAC
CCGAGGGGCCAGATCGGGCGCCTCARGGCCGECGECCTCGTCAAGAAGGT
CTGCGTCTGGACGAACCCGTACCTGGGCCAGECGTCCCCCGTCTTCGCCG
AGGCCGCGEGECCAGGEECTACCTGCT CCGECGCAGGAACGGCGACGTCTTC
CAGTGGGACCTGTGGCAGACGGGCATGGGCAT CGTCCACTTCACCAACCT
GGACGCCCECGCCTGETTCGCCGCCTGTCTCGACCGCCTCTTCGACACGE
GCGTCGACTGCATCAAGACCGACTTTGGCGAGCGCATCCCCTCCGAGGAT
GTGCAGTGGTTCGACCCTTCGGTCGACCCGGAGCGGATGCACAACTACTA
CGCCTTCATCTACAACARGCTCGTCTACGAGGCCCTGCAGAGGCGTTACG
GCGCCAACGAGGCCGTCCTGTTCGCCCGCECCGCCACCGCCGECTGCCAG
CGGTTCCCCCTCACCTGGEEGCGECCACTGCGAGTCGACCCCCGAGGCCAT
GGCCGAGTCGCTACGCGETGGTTTGTCCCTCGGCCTGTCCGGGTTCGCCT
TCTGGAGCGTCGACATTGGCGGCTT CGAGGGETCGCCGCCTCCCTGGATC
TACAAGCGCTGGGTCGCCTTCGECCTCCTCTGCTCCCACTCGCGCCTGCA
CGGCTCCAACTCGTACCGGGTCCCCTGGACGETCGACGGCGACGACCAGT
CCGAGGAGGGATGCTCCGCCACGCTGCGCARGTGGACCCATCTCARGGCT
CGCCTGATGCCCTACCTCTTC TCCCAGGCGCAGGAGAGCGTCCGGGGCGE
GCTCCCGCTCAGCCTGAGGGCCATGTGCATCGAGTTCCCCGACGACCCGA
CCGCCTGGACCCTCGATCGCCAGTTCATGCTCGGCGACGGCCTCCTCGTC
GCCCCCGTCTTCGAGGAGGACGGCACCGTCGAGTTC TACCTGCCCAGGGE
CAAGTGGACCAACTTCTTCACCGGCGAGGTCAAGGAGGGCCCCGGCTGET
TCGCCGAGACCCACGEGTTCGGCACCCTGCCGCTCTACGTCCGGCCCAAC
ACGCTCCTGGTTCTGGGCAAGGAAGGAGAGACGAGGACCGTGTACGACTA
CACGAGCGACGT CGAGGTGAGGGCGTATTTTGCCAGTGACAGCGCCAGCG
CCGTGCTGGTCGACGCCGAGGGCARGACTGTAGGTACCCTGCGTGTCAAG
GACGGGGAGATTATCGGAAAGGAACTGCTATC TGGCAACT CGGTCATCAR
TGTCGTGAGCTCCTGA

(SEQ ID NO: 111)

MEEEATPRPQSS IVOMQRHMLNS RWHARRLANKPHGVFPS LDGHLRTYTK
DIRPAPTWRVGQWLVAEGVQVQYAEEVYRI TPTASGKGISLLCPTRKILN
RGNTLNLATLSIDIEPAFDGVLSVETTHWQGAVRRGPDFDLFPAGRPEVD
AKVTKTESGTTLSSGTLSATVSGKPHEFEI AFHP TGGKKPLTTLLNRSVG
LAYTPAPS TPMQLADMRNFRHYIFTQTTLAVGES IHGLGERFGPFNKVGQ
RVELWNADGGTS SDQAYKNVGFWMS SRGYGVEVDTPGRVELEIGSERCCR
LQTSVEGQRLRWFI IYGPSPRDILRRYSVLTGAPGSVPSWSFGLWLSTSF
TTSYDEETVNSFLAGMRARDI PVEVFHFDCFWLKAFQWCDFEFDRDMEPD
PRGQIGRLKAGGLVKKV CVWTNPYLGQASPVFAEAAARGYLLRRRNGDVE
QWDLWQTGMGIVDF TNPDARAWFAACLDRLFDTGVDCIKTDFGERIPSED
VQWFDPSVDPERMHNYYAFIYNKLVYEALQRRYGANEAVLFARAATAGCQ
REPLTWGGDCES TPEAMAESLRGGLSLGLSGFAFWS VD IGGFEGS PPPWI
YKRWVAFGLLCSHSRLHGSNS YRVPWTVDGDDQSEEGCSATLRKWTHLKA
RLMPYLFSQAQESVRGGLPLS LRAMCI EFPDDPTAWTLDRQFMLGDGLLY
APVFEEDGTVEFYLPRGKWTINFFTGEVKEGPGWFAETHGFGTLPLYVRPN
TLLVLGKEGETRTVYDYTSDVEVRAYFASDSASAVLVDAEGKTVGTLRVK
DGEIIGKELLSGNSVINVVSS

AXy16158:

(SEQ ID NO: 112)
ATGGCCAGCAGCCGETACCGETACACGTTCCCGAGGAATC CGAAGGCCAA
TCCGAAGGCCETCGTGACAGGCGECAAGGGAT CCTCTTACTATCGCTTCA
CCCTCCTCACCGAACGETTGATCCATTACGAGTGAT CCEAGGACGGAGET
TTCGAGGATCGCGCETCCACGTTCGCGGTATTCAGATACT TTGATGCCCC
GCAGTACCGCGT TGTCGAGACAAACGACAGTC TCGAGATCATCACGGACT
ACTTTCACCTCACCTATGACAAGAAGAAGT TCTCATCGGAAGGACTTTCC
GTCAGAGTCGGCTCCGACCTC TGGAATTACGACGGCAAGAGTTATGGAGA
CCTGEGEGCEGCACCECCCARACCCTAGACGGCECCTATGECCECATGRACT
TGGAACCGGATETGCTC TCECGCARAAGCTTATGCGATTCTCGACGACAGE
AAGTCTATGCTCTTTGACGACGACGEETGGATTGCCAT TCGCGAGCCGRE
CCGCATTGACGETTACGTGTTTGCC TACAGCGGCGAGCACAAGGCCGCCA
TCAGGGACTTCTACCGCCTCTCCGEACETCAGCCAATGCTCCCCCGCTER
GTGCTGGGEAAC TGGTGETCCAGGTACCACGCATACTCGGCCGACGAATA
CATCGAGCTTATGGACCACTTCAAACGCGAAGGAATCCCGCTCACGACGA
GCATCGTGEATATGGACTGGCACCGGETTGACGACGTCCCGCCCARGTAC
GGCTCAGGATGCACGGGCTACAGCTGEAACCGCARGCTGTTCCCGGACCT
CEAGGGCETTCCTGCAGCAGCTGCGTAATCGGAACCTGARAGTGGCCCTCA
ACGACCACCCGGCGEACGECATCCEGGCETATGAGCAT CTGTACCCAGCE
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GTGGCCAAGGCCCTGAATCACGACACGT CGCCGAGAGGAACCGATCAAGTT
TGACTGCACCGATCGCARAGTTCATGGACGCCTACTTCGACGTTCTGAAGC
TCAGCCTTGAGAAGCAGGGCGTCATGTTCTGGTGGATCGACTGGCAGCAR
GGCACCGGCAGCAAGCTCCCCAGCGTAGACCCGCTGTGGGTGCTCAATCA
CTACCACTACCTCACCAGTAAGCGCAACGCGARAGACATCCAACGTCCCA
TCACATTCTCCCGCTACGCCGGCGCCEETGCCCATCGGTACCCGATCGGT
TCTCGAGTTCCAGCCCGAGTTTACCGCAACGGCATCCAACATCGGCTATG
TTCTCGGGCGACACGCAGACGACTTGGGAAGGGCTGGTGGAGCCACGACA
TCGGCGGECATTGGEECGECGTCCGCTCCAACCAGCTGACGGTCCGCTGG
GTCCAGCTGGGCTGCTTCTCCCCGATCCTGCGGCTGCACTCGAACAAGAG
CCCGTGGAACTCGAGAGAGCCGTGGAAC TACGAGGACGAGGCGCACAGGA
TCATGAAGGACTTCCTCATCCTGCGCCACCGCCTCATCCCCTTCCTCTAC
ACCATGAACATCCGGGCCAGC TACGAGAGCGAGCCGCTCATCCAGCCCAT
GTACTGGAATCACCCGAAGGACGAAGAGGCCTACACGGTGCCGACGCAGT
ACTACTTCGGGCCGGACCTCCTCGTGGCCCCCATCACGTCTCCCARCAGT
ACCGTCACCCTGATGGGCCGCGTECGCGCCTGECTGCCGCCGEGCCGGTA
CGTCGACCTGTTCTACCCGCACCTGGTCTACGACGGCGGCCGGTACATGC
ACCTGCACCGCGACCTGTCGCAGATCCCCETGCTCGCGCGGGAGGGCACC
ATCGTGCCGCTGGACACGACGCCCAGGACGGGCCACGECGCCGCGCEGLC
GACCGAGATCACCCTCCTCCTCGTCGTCGGECCGGEGACGCGCACTT TGAGC
TGGTCGAGGAGCCGGAGCAGCAGGACCACCAT CGCCACGGCGGCGGCGAC
GACGGCGATGACCAACCCCCGCTCAGCGCGTTCGCCCGGACCCCCATCTC
GTGGTCGCAGGCGGACGGCGTGCTCACCATCGGGCCGGAGTGGAACGECE
CCGGGECCCECCGCTCGCGECAGTCGAACGTCARGCTGGTCGGGCACACT
AACACGGACGTGCAGGCGCAGGTGCCCGEETTCCGGGTCACGCGCGACGT
CGAGGGCCGETGCACCACGETGECGCTCGGCAACGTGCACCGGTGGCAGT
AGCCGCACCAGCGGGACGGCGGCEEETTCCAGATCTCGCTGGGGCGCGAC
CTGCAGCTGGACGTGETGGACGTGCGCGCGCECGCCTTCGAGGTCCTGCA
CCGGGCCCAGATGGGETACCAGGCCAAGGACCCCGTCTGGGACGTCTTCA
CGTCCGGCGACGCGETGCACACGCEGETGCAGCGECTGGCGGCGCTCGAC
GTCGACGCCGCGCTCARGAACGCCCTCATGGAGGTC TGGGCGGECCGACGE
GCGGGCCGAGGGCAGCGCGGCGEGCTACGAGACCTGGGTCGACGTGAAGE
CGTGCGCCGEACACGCGET CGAGCAGGCGCTCAAGGAGTACGTTATCGTG
TGA

(SEQ ID NO: 113)
MASSRYRYTFPRNPKANPKAVVTGGKGS SYYRFTLLTERLIRYEWSEDGG
FEDRASTFAVFRYFDAPQYRVVETNDSLEI ITDYFHLTYDKKKFSSEGLS
VRVGSDLWNYDGKSYGDLGGTARTLDGAYGRVDLEPGVLSRKAYAVLDDS
KSMLEDDDGWIAIREPGRIDGYVFAY SGEHKAATIRDFYRLSGRQPVLPRW
VLGNWWSRYHAYSADEY I ELMDHFKREGIPLTTS IVDMDWHRVDDVPPKY
GSGWTGYSWNRKLFPDPEGFLQOELRNRNLKVALNDHPADGIRAYEDLYPA
VAKALNHDTSREEPIKFDCTDRKFMDAYFDVLKLSLEKQGVMEWW IDWQQ
GTGSKLPSVDPLWVLNHYHYLTSKRNAKDIQRPI TFSRYAGAGAHRYPIG
FSGDTQTTWEGLEFQPEFTATASNIGYGWWSHD I GGHWGGVRSNQLTVRW
VQLGCFSPILRLHSNKS PWNSREPWNYEDEAHRIMKDFL I LRHRLIPFLY
TMNIRASYESEPLIQPMYWNHPKDEEAYTVPTQYYFGPDLLVAPITSPNS
TVTLMGRVRAWLPPGRYVDLFYPHLVYDGGRYMHLHRDLSQIPVLAREGT
IVPLDTTPRTGHGAARPTEITLLLVVGRDAHFELVEEPEQQDHHRHGGGD
DGDDQPPLSAFARTPISWSQADGVLT IGPEWNGAGARRWROWNVKLYGHT
NTDVQAQVPGFRV TRDVEGGC TTVALGNVHRWQQPHORDGGGFET SLGRD
LQLDVVDVRARAFEVLHRAEMGYEAKDPVWDVETSGDAVQTRVQRLAALD
VDAALKNALMEVWAADGRAEGSAAGYETWVDVKACAGDAVEEALKEYVIV

BXy1323:

(SEQ ID NO: 114)
ATGCCGCAGETTCGARACCCCATCCTCCCCGECTTCAACCCCGACCCTTC
CATCCTCCGGGTTGECCATGACTACTACATCGCCACTTCAACCTTTGAGT
GGTACCCGEETGT TCAGATCCACCACTCCATGGACCTCGCARACTGGGAA
CTTGTCACCCGTCCCCTAAACCGCAAGAGCCAACTGGATATGCGAGGAGA
TCCGGACAGCTGCGECATCTEEECTCCCTGCCTGACGCATGACGGCGACA
GETTCTGGCTGETATACACGEACGTCAAACGCAAGGACGECTCGTTCAAG
GACGCACACAACTACATCGTCAGTGCECCCGCCATCGAGGETCCCTGETC
GGACCCCTTCTATGTCAACTCGTCCGRETTCGACCCCTCGCTCTTCCATS
ACGACGACGGCCEGAAGTGAT TCGTCAACATGATGTGGGACCACCGCAGE
CGCCCECEAACCTTTGCCGGCAT CGCGCTGCAAGAGTTCGACCCCARGET
CGGEAAGC TGETTGECC CGCECAAGAACATTTACCARGGCACCGACCTER
GCCTCATCEAGEECCCGCACT TGTACAAGCGCAACGGETGETACTATCTC
CTGACAGCAGAGEGCGGGACTGECTATGAGCATGCCTGCACCCTCGCCCE
GTCTCGGAACATC TGGGECCCETACGAAGATCACCCGCAGAAGTACATCT
TGACGTCTAAGGACCACCCECACGCAGCCCTGCAGCGAGCCEGCCACGET
GACATCGTCGACACCCCCGACGEGCATACCTACGTCGTTCACCTGACCGS
CCEECCCATCACGCAGT TCCECCECTATETCT TGGGGCECEAGACGGCCA
TCCAGGAGGCCTACTGGGGCGACCACGACTGECTCTACGTCAAGAACGEC
CCTGETGCCCAGCCTETTCGTGGACCTCCCEECCECCCECARCGACGACGA
CTACTGGGCCGAGAAGAGGTACACGT TCGAGGCEGGCCTGCACARGGACT
TCCAGTGGCTECECACGCCCEAGACGGACCGECATCT TCAGGACGGACAAC
GGGAAGTTGACGCTCATCEGCCECEAGTCCAT CGECTCCTGATTCGAGCA
GECCCTGETCECCCEGCECCAGACGCACTTCTCGTACGACGCCGAGACCS
TCATCGACTTCAAGCCTGCCGACCAGCGCCAGTTCECCGECCTGACGECC
TATTACTGCCGCTACAACTTCTTCTACCTGACCGTCACGGCCCACTCGRA
CGECCEECEREAGCTGC TCATCATGGCCTCCEAGGCCTCCTGECCCCTCE
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GCGCCCTCCGGTCCCCTTATCCGGGACCCGTCCAGATCCCCAACGAGGGT
ARGGTCCGGCTCGCGCT CAAGATCAGGGGCAAGGAGCTGCAGTTCTACTA
CGCTCTCCAGGGCGAAGAGCTARAACAGATTGGGCCCGTATTCGACGCTA
GCATCGTTTCTGACGAGTGCGGCGGCCACCAGAAGCACGGCAGCTTCACGE
GGCGCCTTCETCGGCGTGGCTGCTTCCGACAT CAACGGTACTGCTGCCGA
GGCGACCTTTGACTACTTTGTGTACAAGCCCGTGCACCATGAGAGTGACC
GGTACGAGATTTAA

(SEQ ID NO: 115)
MPQVRNPILPGFNPDPS ILRVGDDY YIATS TFEWYPGVQIHHSMD LANWE
LVTRPLNRKSQLDMRGDPDSCGIWAPCLTHDGDRFWLYV YTDVKRKDGSFK
DAHNYIVSAPAIEGPWSDPFYVNSSGFDPSLFHDDDGRKWEVNMMWDHRS
RPRTFAGIALQEFDPKAGKLVGPRKNI YQGTDLGLVEGPHLYKRNGWYYL
LTAEGGTGYEHACTLARSRNIWGPYEDHPQKY I LTS KDHPHAALQRAGHG
DIVDTPDGRTYVVHLTGRPITQFRRCVLGRETAIQEAYWGDDDWLYVKNG
PVPSLFVDLPAARNDDDYWAEKRYTFEAGLHKDFQWLRTPETDRIFRTDN
GKLTLIGRES IGSWFEQALVARRQTHFSYDAETVIDFKPADERQFAGLTA
YYCRYNFFYLTVTAHSDGRRELLIMAS EASWPLGALRSPYPGPVQIPNEG
KVRLALKIRGKELQFYYALEGEELKQIGPVFDAS IVSDECGGHQKHGSFET
GAFVGVAASDINGTAAEATFDYFVYKPVHHESDRYET

BXy16880:

(SEQ ID NO: 116)
ATGGCGCCCCTCATCACCARCATCTTCACGGCCGACCCATCEECCCACGT
CTTCGAGGGCAAGCTCTTCATATACCCGTCGCACGATCGCGAGACGGACA
TCAAGT TCAACGACCGACGGCGACCAGTACGACATGGTCGACTACCACGTA
TTCAGCACCGAGTCGCTGGACCCEECCECCCCCATGACCEACCACGGCET
CETECTCCGAECCEAAGACGTCCCCTGRETETCCARGCAGCTCTGGGCCC
CCGACGCCGCCTACAAGGACGGCAGGTACTACCTCTACTTCCCCGCCCET
GACAAGCAGGGCETCTTCCGCAT CGECETCGCCATCEECEACCECCCCCA
GGGCCCCTTCACCCCCGACCCEGAGCCCAT CCGGGACAGC TACAGCATCG
ACCCGGCCETCTTCATCGACCACGACGECCGGECCTACATGTACT TTGGC
GGGCTCTGEEGCEECCAGCTGCAGTGCTAC CAGAAGGGCAACGGCATCTT
CEACCCCGAGTEEC TGGGACCCAGEGAGCCCTCGGGCGAGEECATCCGER
CECTEEEECCECECATCGCCCEECTAGAGCGGACCACATGCECCAGTTCGECC
AGCGAGGTGAAGGAGATTTCGATCCTGECECCCEAGACGGGCGAGCCGAT
CGCEECCEACGACCACGACCECCECTTCTTCEAGGCCECCTGGATGCACA
AGTACGACGGCAAGTACTACT TCAGCTACT CCACCGGCGACACCCACTAC
CTCETCTACGCCGT CGGCGACAGCCCCTACGEGCCCTTCACCTACGCCER
CCGCATCCTCEAGCCCATCCTCEGC TGGACCACGCACCACTCCATCGTCG
AGTTCCACGECCGCTEETGECTCTTCCACCACGACTGCGAGCTCAGCGRC
GGAGTCGACCACCTGCGCTCCGT CAAGGTCAAGGAGAT CTTCTACGACAA
GGACGGCAAGATTGTCACTGARAAGCCCGAATAG

(SEQ ID NO: 117)
MAPLITNIFTADPSAHVFEGKLF IYPSHDRETDIKFNDDGDQYDMVDYHV
FSTESLDPAAPVTDHGVVLRAEDVPWVSKQLWAPDAAYKDGRYYLYFPAR
DKQGVFRIGVAVGDRPEGPFTPDPEPIRDSYS IDPAVFVDDDGRAYMYFG
GLWGGQLQCYQKGNGI FDPEWLGPREPSGEGVRALGPRVARLADDMRQFA
SEVKEISILAPETGEPIAADDHDRRFFEAAWMHKYDGKYYFSYSTGDTHY
LVYAVGDS PYGPFTYAGRILEPVLGWT THHS I VEFHGRWWLFHHD CELSG
GVDHLRSVKVKEIFYDKDGKIVTEKPE

Example 1

Construction, Cloning and Plasmid Preparation of
Beta-Xylosidase Variant Libraries

In this Example, experiments conducted to construct and
prepare plasmids for use in xylosidase expression libraries
are described. The expressed sequence of the wild-type
xylosidase was cloned from genomic DNA into pYTSEC72-
trc vector. FIG. 1 provides the map of this plasmid.

For production of “round 1” libraries, the QuikChange
Lightening Multi Site-Directed mutagenesis (QCLM) kit
(Stratagene) was used in accordance with the manfacturer’s
instructions to produce the following substitutions in isola-
tion: G322A; M280L; P31G; G770P; P362V;, G134S;
V495L; P454A; F221L; A72V, V5671, A694P; R41T,
M435L; W783L; A729T, E496A; S192D; D58L; A314T,
D488T; G204P; A819T; S107Y; S211A; G320A; D441N;
V155I; R583D; M329T; 1236V, F456Y; V369L; TI6V,
S590A; N106S; N281Q; A457L; V785L; K764P; T42S;
A736L; D444T, N787S; A532D; V738L; S754G; H652S;
N219Y; 175L; L561N; S167Q; P443T; F438P; S146A,
E45P; F559L; F200L; T620G; F325L; T331L; M113Q;
D294G; R843V; S256A; P417S; G516A; H791V; K178S;
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E821T, Q466G; P653D; A264S; AS15E; G669C; G449N,
L610M; AS528G; V734A; L7611; L5841, P207L; F654Y,
F447Q; S586T; N289G; Y16R; K30N; V505I; G565N,;
G101S; S193P; 1341Y; R432S; M522T; E666R; N571G;
E189Q; G218A; V779A; V174P; S338G; W352E,; S202G;
Y742A; A380R; D664V, L510I; A588K; S332D; V3071,
K445Q; P824E; A93S; S67N; L781V; T523S; W469L,;
E480N; T695S; W572Y,; V774G; 1798V; D551G; C324A,
V3544L; V473Y; E334G; R257K; D412G; D667A; P493A,
V1291; K672L; H230Y; L718F; T696Y; M184L; N411D;
G286D; T777K; P44S; V2611, E810V; L115I; H379Y;
A247P; P102G; E725T; L553V; V478G; G347Q; L446M,
G429K; 1675A; R703S; A832Q; S673K; E302D; P710D;
E485S; S5197R; A692S; S377Q; S339T; ES36Q; A514V,
L62I; S108A; R389T; G657P; F349L; A461L; Y150F;
R208K; I185V; GI130A; T556S; R689A; I36N; T321A,;
A769T; E648S; Y25F; G763P; A758L; R176H; T227V,
V355L; P717G; T631P; and S308Y.

The following were also introduced as combinations of
one or more substitutions: G322A; S211A; N219Y; A2648S;
N571G; W572Y; L115I; S108A; M280L; G320A; E45P;
V174P; A247P; F438P; A694P; G763P; K764P; G770P,
P102V; F105T; V268G; R398N; T695P; 175L; AS1SE;
E189Q; H379Y; R389T; P31G; D441N; L561N; G669C;
G134S; G218A; 1798V; A247P; G657K; G770P; V155I,
S167Q; G449N; V779A; D551G; P102G; F349L; P632V,
R583D; P443T; L610M; V174P; C324A; E725T; A461L,;
G130A; G134S; G218A; G320A; G322A; G347Q; G429K;
G449N; G565N; and G763P.

QCLM reaction products were transformed into DH10B
T1 competent cells (Invitrogen). Plasmids were isolated and
transformed into yeast (InvScl) competent cells using a
Miniprep kit (Qiagen). Subsequently, of the reaction was
used to transform 50 pl of DH10B-T1 E. coli (Invitrogen)
electro-competent cells. The cells were plated on LB agar
containing carbenicillin (50 ug/ml). Colonies were picked,
grown in liquid medium containing carbenicillin (50 ug/ml)
and plasmids containing the variants were isolated using a
Miniprep kit (Qiagen).

Competent S. cerevisiae cells were generated and trans-
formed with libraries of beta-xylosidase variants using stan-
dard methods known in the art to generate and transform
yeast cells.

Example 2

Construction, Cloning and Plasmid Preparation of
Beta-Xylosidase Libraries for Expression in M.
thermophila

Three generation of libraries of variant beta-xylosidases
were identified for additional characterization. These vari-
ants in these libraries included one or more of the following
substitutions: G322A, S211A, N219Y, A264S, N571G,
W572Y, L1151, S108A, M280L, G320A, E45P, V174P,
A247P, F436P, A694P, G763P, K764P, G770P, P102V,
F105T, V268G, R398N and T695P. The primers in Table 2-1
were used to introduce the target mutations by PCR ampli-
fication using the wild-type xylosidase cloned into
pC1DX10PhR vector (See, FIG. 2). PCR amplification was
performed using QCLMS (QuickChange Lightning Multi
Site-Directed Mutagenesis, Stratagene). Briefly, each reac-
tion was set up with 17 pl of water, 2.5 ul of 10x Quick-
Change Multi reaction buffer, 1 pl supplied ANTP mix, 1 pl
of 100 ng/ul plasmid DNA template, 2 ml of 20 uM pooled
oligos (See, Table 2-1) and 1 pl of QuickChange Lightning
Multi enzyme blend. Thermocylcer conditions were: 95° C.
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2', 24 cycles of 95° C. 20", 65° C. 7", with a final extension
at 65° C. 7'. E. coli DH10B-T1 phage resistant electrocom-
petent cells (Invitrogen) were transformed with 2 pl of the
QCLMS PCR product according to the electroporation pro-
tocol provided by the manufacturer. Cells were plated onto
LB agar plates containing 1% v/v glucose and 100 mg/L.
carbenicillin for positive selection of clones. After overnight
incubation at 37° C., colonies were picked onto a Costar
96-deepwell plates filled with 500 ul of LB containing 1%
v/v glucose and 100 mg/L carbenicillin. Plates were allowed
to grow overnight for 18-20 hours in Kuhner shaker (200
rpm, 37° C., and 85% relative humidity). Cells were col-
lected by centrifugation at 3500xg for 10 minutes. Plasmid
DNA was collected using QIAprep Miniprep Turbo96 (Qia-
gen).

TABLE 2-1
Primers
Amino Acid SEQ ID

Primer Sequence (5'-3') Modifications NO:
AACTCGGCGACGTCGTTCCCGATGCCGAT L115I(ATT) ; 118
TCTGATGGCCGCCGCCTTCGACGAC S108A(GCG)
AACTCGTCCACGTCGTTCCCGATGCCGAT L115I(ATT) ; 119
TCTGATGGCCGCCGCCTTCGACGAC 5108S(TCC)
AACTCGGCGACGTCGTTCCCGATGCCGCT L115L(CTG) ; 120
GCTGATGGCCGCCGCCTTCGACGAC S108A(GCG)
TCATCGCGACCTGCAAGCACTACGCCGGC N219Y (TAT) ; 121
TATGACTTTGAGGACTGGAACGGCACG S211A(GCG)
TCATCTCGACCTGCAAGCACTACGCCGGC N219Y (TAT) ; 122
TATGACTTTGAGGACTGGAACGGCACG S211S(TCG)
TCATCGCGACCTGCAAGCACTACGCCGGC N219N(AAC) ; 123
AACGACTTTGAGGACTGGAACGGCACG S211A(GCG)
GCGCCAACTCGTACCTCCTGAACACGATC M280L(CTG) 124
CTGCGCGGGCACTGG

ACACCAACGCCGAGGCGACCGCGCTCTGC G322A(GCG) ; 125
TTCGAGGCCGGCATGGAC G320A(GCG)
ACACCAACGCCGAGGGCACCGCGCTCTGC G322A(GCG) ; 126
TTCGAGGCCGGCATGGAC G320G (GGC)
ACACCAACGCCGAGGCGACCGGCCTCTGC G322G(GGC) ; 127
TTCGAGGCCGGCATGGAC G320A(GCG)
GCCGTCCTGTGGGCCGGCTATCCGGGCCA W572Y (TAT) ; 128
GGACGGCGGCACGGCC N571G(GGC)
GCCGTCCTGTGGGCCAACTATCCGGGCCA W572Y (TAT) ; 129
GGACGGCGGCACGGCC N571N(AAC)
GCCGTCCTGTGGGCCGGCTGGCCGGGCCA W5 72W (TGG) ; 130
GGACGGCGGCACGGCC N571G(GGC)

Fungal High Throughput Transformation

In a 50-ml tube, 16 ml of CF-410 protoplasts were gently
mixed with 400 pl of ATA (0.5M aurintricarboxylic acid).
The protoplast-ATA mixture were dispensed into a 96-well
PCR plate at 170 pl volume per well. Plasmid DNAs
representing the xylosidase library were dispensed at 5 ul
volume per well in Costar 96-deepwell plates. The proto-
plast-ATA mixture was added into the Costar 96-deepwell
plates at 20 pl volume per well and incubated at room
temperature for 25 minutes. Then, 150 ul of PEG 4000
solution (60% PEG4000, 50 mM CaCl,.H,O, 35 mM NaCl,
10 mM Tris-HCI) was added per well, mixed and incubated
at room temperature for 20 minutes. Next, 600 ul of STC
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(NaCl2.05 g/I, CaCl,.2H,0 7.36 g/L, sorbitol 218.64 g/L.,
10 ml of 1M Tris-HCI buffer pH 7.50) was added per well
and mixed. The plates were centrifuged at 1500xg for 10
minutes. This STC wash step was performed twice. The
supernatants were decanted and the cell pellets were resus-
pended in the residual fluid. Then, 80 pl of cell resuspension
were aspirated onto 24-well minimal medium agar plates
containing 20 mg/ml phleomycin. The plates were sealed
with VWR adhesive film (Cat. Number 60941-086) and
incubated for 9 days at 35° C.

Colony Pooling and Growth

First, 4x1 mm sterile glass beads were dispensed into each
of well of the 24-well agar plates described above, using
Qiagen bead dispenser (Qiagen). Then, 1.6 ml of sterile
water was dispensed into each well. The plates were heat-
sealed and agitated in an orbital shaker for 10 minutes at
level 7 setting to resuspend the spores from the agar. Then,
300 ul of spore suspension were dispensed into 24-well
plates containing 1.8 ml of fermentation media (F1-02 pH
5.15). The plates were sealed with VWR sterile airpore and
incubated for 7 days at 35° C., 250 rpm (2" throw) and 85%
relative humidity.

Analysis of Variants Expressed in Yeast

To evaluate thermostability improvement of the generated
beta-xylosidase variants produced as described in Example
1, 160 pl of the supernatant from HTP yeast culture was
added to 40 pl of 900 mM sodium acetate buffer (pH 6.0) in
a 96-deep well plate and incubated at 55° C. or 57° C. for
24 hours. After 24 hours, the mixtures were centrifuged for
~5 min at 4000 rpm, 4° C., and tested for activity using
following pNPX assay: 180 ul of the supernatant-buffer
mixture was added to 60 pl of 25 mMpNPX (p-nitrophenyl-
beta-xylanopyranoside) in water and 60 pl 900 mM sodium
acetate buffer (pH 6.0), and the reactions were incubated at
55° C. for 2 hours. After 2 hours, the reaction mixture was
centrifuged for ~5 min at 4000 rpm, 4° C., and 10 pl was
transferred to 190 pl of 1 M Na,CO, in a flat-bottom clear
plate to terminate the reaction. The plate was mixed gently,
then centrifuged for 1 min, and absorbance was measured at
2=405 nm with a Spectramax M2 (Molecular Devices).
Duplicate plates were created to calculate residual activity
after the 2 hour thermal challenge where one copy of the
plate was assayed without preincubation while the other
copy was incubated at 55° C. before assaying. Both copies
were assayed using the same pNPX assay as described
above. Residual activity (in percentage) was calculated as a
ratio of fluorescence after and before the thermal challenge
multiplied by 100.

Xylo-Oligosaccharide (XOS) Activity Assay

This assay was used to determine the activity of the
variants on xylose-containing oligosaccharides. In a total
volume of 300 pl, 40 pl of HTP yeast culture supernatant
containing secreted protein of a beta-xylosidase variant was
added to 40 ul 200 g/I. XOS (Xylo-oligosaccharides (Cas-
cade) in 160 ul water and 60 ul 900 mM sodium acetate
buffer (pH6.0). The reaction was incubated for 24 hours at
55° C. or 57° C. After 24 hours, the reaction mixture was
centrifuged for ~5 min at 4000 rpm, 4° C., and 100 pl was
transferred into 100 ml of water in a round-bottom 96-well
plate. The plate was mixed gently, then centrifuged for 1 min
and subjected to sugar analysis using standard HPLC meth-
ods known in the art.

The beneficial mutations for stability and/or activity
found in a set of variants are shown in Table 2-2. The
improvements are shown in comparison with wild-type M.
thermophila beta-xylosidase.
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TABLE 2-2

Variants with Improved Thermostability and Activity

Fold Improvement Over Wild-Type
Beta-Xylosidase at 55° C.

124

C. Sequencing of Heat Stable Variants

The corresponding plasmid samples transformed into
CF-410 that produced heat-stable xylosidase activities were
sequenced. Briefly, the gene encoding the wild-type M.
thermophila beta-xylosidase were PCR amplified from the
plasmid templates using the following oligos; 5'-tgtgctgatc-

Thermostability on Activity on
Variant pNPX XO0s ctetteegteatgaaggectetgtatcatgect (SEQ ID NO:131) and
1
N219Y/NST1G s N 5 gaggttcgtttacttacttattacc.tgtgcctccccctggc. (SEQ 1D
S211A + N 10 NO:132). Each PCR reaction was set up using 16.8 ul water,
S108A/S211A/M280L/L7611 ++ + 5 ul of 5x Kapa buffer B (Kappa Biosystems), 0.5 ul of
N219Y (g201a) ot 0 dNTP (CleanAmp™ 7-deaza-dGTP mix, TriLink), 1.25 ul of
S211A/N219Y (g291a/g510a) - 0 N .
P3IG/3TOY + + each oligo indicated above (20 uM stock concentration), 1 ul
1798V + + of plasmid DNA and 0.2 ul of Kapa 2G robust hot start
gggQ 763p + + 15 polymerase (Kapa Biosystems). Thermocycler conditions
Rl o : were: 95° C. 3!, 35 cycles of 95° C. 30", 72° C. 2", with a
final extension at 72° C. 5'. After the PCR reaction was
0 'l?d;?"‘tis lelszt?"‘l‘; 1 fold lmpr“:emem completed, 8 ul of ExoSAP-IT (USB) was added into each
+ --indicates - 0. mprovemen . .
++ -indicates >2 and <3 fold improvement sample and 1ncube.1ted at 37° C. for 20 mlputes followeq by
+++ -indicates >3 and <4 fold improvement 20 enzyme denaturation at 80° C. for 15 minutes. The oligo-
++++ -indicates >4 fold improvement nucleotides shown in Table 2-3 were used to sequence the
variants. Ten variants were sequenced and the amino acid
TABLE 2-3 mgdlﬁcatlons are shown in Table 2-6 (as compared with the
wild-type).
Variants with Improved Thermostability and Activity 23
) TABLE 2-3
Fold Improvement over Wild-Type
Beta-Xylosidase at 57° C. . . .
Sequencing Oligonucleotides
Thermostability on Activity on
Variant pNPX XOS 30 0Oligo Name Sequence (5'-3"')
S345L et 0 2290-75-Fwd ACCCCGACTGCACCAAGC
V2351 ++++ 0 (SEQ ID NO: 133)
A4998 +H++ 0
V2091 +H++ 0
AZOOK . . 35 2290-211-Rev CGC ATA CAT ACC TGA CCA GG
V235L +H++ + (SEQ ID NO: 134)
0 -indicates less than 1 fold improvement 2290-465-Fwd CGATGCCGCTGCTGATGG
+ --indicates 1-2 fold improvement (SEQ ID NO: 135)
++ -indicates >2 and <3 fold improvement
+++ -in.dic.ates >3 and <A% fold improvement 40 2290-695-Rev CGA GCC CGC GGA TCA TGG
++++ -indicates >4 fold improvement (SEQ ID NO: 126)
Analysis of Vanapts Exprf:ssed in CF-410 . . 2290-870-Fwd TGGCGCCGTTCCAGCAGTG
The beta-xylosidase Vane}nts were analyzed.u.smg various (SEQ ID No: 137)
assays, such as those described below. In addition, some of
the thermostable variants were sequenced, as described #3 2290-1059-Rev ~ CCG AGA CGT CGA GGA C
below. (SEQ ID NO: 138)
A. pNP-X Thermostability Assays
2. . . 2290-1275-Fwd  TGGGCTGGGCCGACGTCAA
To assess the thermostability of beta-xylosidase variants (SE0 1D NO: 139)
expressed in CF-410, broth supernatants were diluted 1:9 in < ’
100 mM MES pH 6.0 and heated to either 22° C. or 55° C. 2290-1476-Rev CCE CCA AAC AGC TTE TCC
for 20 h. Samples were diluted 1:1 with water, and 10 uL. of (SEQ ID NO: 140)
diluted sample was added to 90 ul of 5 mMpNPX in 100 mM
MES pH 6.0. Samples were incubated for 15 minutes at 37° 2290-1690-Fwd  CAAGGRCCGGATGACGATCG
C., quenched with 150 uLL of 1 M Na,CO;, and absorbance (SEQ ID NO: 141)
was measqred at 400 nm. The res.ults are shown in thf: graph 2200-1887-Rev  TGA GOA GOC GGA CCA C
presented in FIG. 3. The best variants lie above the diagonal (SEQ ID NO: 142)
defined by the positive control.
B. XOS Thermoactivity Assays 2290-2060-Fwd ACCTTCCGGGCCGAGTTCG
Assessment of the thermoactivity of the best variants on 60 (SEQ ID NO: 143)
xylose oligosaccharides was performed. Reactions were set
2. . . 2290-2373-Fwd  GAT CAA GAC GCT GGT CTC G
up containing 10 mg/ml xylooligosaccharides, 100 mM (SEQ ID NO: 144)
sodium acetate pH 6.0, and 1% CF-410 supernatant from the
best strains. Reactions were incubated at 37° C. or 57° C. for 2290-2392-Rev CGA GAC CAG CGT COTT GAT C
4 h, heated to 95° C. for 5 minutes to inactivate the enzymes, 65 (SEQ ID NO: 145)

and then analyzed by HPLC, using standard methods known
in the art. The results are shown in FIG. 4.
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TABLE 2-4

Variants and Their Substitutions (Compared to Wild-
Type M. thermophila Beta-Xylosidase SEQ ID NO: 2)
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that the present invention encompass all such changes and
modifications with the scope of the present invention.

The present invention has been described broadly and
generically herein. Each of the narrower species and sub-
generic groupings falling within the generic disclosure also

Variant Mutations : > N N | >
form part(s) of the invention. The invention described herein
985 M280L suitably may be practiced in the absence of any element or
873 LILSUS211A elements, limitation or limitations which is/are not specifi-
016 L11SUN219Y/WS572Y . . . .
914 L115U/N219Y/W572Y cally disclosed herein. The terms and expressions which
989 S108A/S211A/M280L/W572Y 10 have been employed are used as terms of description and not
902 S211A/N219Y/M280L/G322A of limitation. There is no intention that in the use of such
o83 S2LLAN219Y/M280L/WS72Y terms and expressions, of excluding any equivalents of the
920 S211A/N219Y/M280L/WS72Y . : L
963 111518211 A/M280L/G322A/WST2Y features described and/or shown or portions thereof, but it is
949 N219Y/G322A/WS572Y recognized that various modifications are possible within the
15 scope of the claimed invention. Thus, it should be under-
) ) ) ) ) stood that although the present invention has been specifi-
While particular embodiments of the present invention cally disclosed by some preferred embodiments and optional
have been illustrated and described, it will be apparent to features, modification and variation of the concepts herein
those skilled in the art that various other changes and  disclosed may be utilized by those skilled in the art, and that
modifications can be made without departing from the spirit such modifications and variations are considered to be
and scope of the present invention. Therefore, it is intended within the scope of the present invention.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 145
<210> SEQ ID NO 1
<211> LENGTH: 2535
<212> TYPE: DNA
<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 1
atgaaggcect ctgtatcatg cctegtegge atgagegeceg tggectacgg cctegatgge 60
cctttecaga cctaccecga ctgcaccaag cccccectgt cegatattaa ggtgtgegac 120
cggacactge ccgaggegga gegggeggea gecctegtgyg cagecctgac cgacgaggag 180
aagctgcaaa acctggtcag caaggegecyg ggggcegceege ggateggect geccegegtac 240
aactggtgga gcgaggeget gecacggggtyg geccacgege ccegggacgca gtteegegac 300
gggceggggy acttcaacte gtccacgteg ttecegatge cgetgetgat ggecgeegee 360
ttcgacgacyg agctgatcga ggccgtegge gacgtcateg gcaccgagge ccgegecttt 420
ggcaacgeeyg getggteegyg cctegactac tggaccccca acgtcaacce cttecgggac 480
cceegetggyg gecgeggete cgagacgecyg ggcgaggacyg tegtgegect caagegetac 540
geegecteca tgatecegegyg getegagggt cgttectect cetectecte ctgetectte 600
ggatccggayg gggagecgee gegegtecate tegacctgea agcactacge cggcaacgac 660
tttgaggact ggaacggcac gacgcggcac gacttcgacyg ccegtcatcte ggegecaggac 720
ctggecgagt actacctgge gecgttecag cagtgcegege gegactegeg cgteggetece 780
gtcatgtgeyg cctacaacge cgtcaacggg gtgcegtegt gegecaacte gtaccteatg 840
aacacgatce tgcgegggca ctggaactgg accgagcacyg acaactacgt caccagegac 900
tgcgaggeeg tectegacgt cteggeccac caccactacyg ccgacaccaa cgecgaggge 960
accggectet gettegagge cggcatggac acgagetgeg agtacgaggg ctectecgac 1020
atccegggeg cctecegecgg cggcttectyg acctggeceyg cegtegaceyg cgcecctgacg 1080
cggctgtace ggagcctggt gegggtcgge tactttgacg gccccgagte geccgcacgce 1140
tegetggget gggecgacgt caaccggecce gaggcegcagyg agetggecct gegegetgee 1200
gtecgagggea tegtgetget caagaacgac aacgacacgce tgeccgetgece getgecggac 1260
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-continued
gatgtcgttyg tcaccgectga tggtggecge cgccgegteg ccatgatcgg cttetgggece 1320
gacgcceegg acaagcetgtt tggegggtac ageggegege cecccttege gegetegecc 1380
gegagegeceg cceggcaget gggetggaac gtcacggteg ceggagggeco cgtectggag 1440
ggagactcgg acgaggagga ggacacgtgg acggcegccgg cegtegagge ggecgecgac 1500
gecgactaca tcgtctactt tggeggectyg gacacgtegg cggcegggcega gaccaaggac 1560
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete 1620
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag 1680
ctggacgggyg tgggegecgt cctgtgggee aactggecgg gecaggacgg cggcacggec 1740
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcgggac gggcegecgge gacggcegacg tegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 2
H: 845
PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 2

Met Lys Ala
1

Gly Leu Asp
Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Leu
115

Val Gly Asp
130

Ser Val Ser Cys Leu
5

Gly Pro Phe Gln Thr
20

Ile Lys Val Cys Asp
Leu Val Ala Ala Leu
55

Lys Ala Pro Gly Ala
70

Ser Glu Ala Leu His
85

Asp Gly Pro Gly Asp
100

Leu Met Ala Ala Ala
120

Val Ile Gly Thr Glu
135

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile
75

Gly Val Ala
90

Phe Asn Ser
105

Phe Asp Asp

Ala Arg Ala

Ser Ala Val
Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ser Thr Ser

110

Glu Leu Ile
125

Phe Gly Asn
140

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr
80

Gly Thr
95
Phe Pro

Glu Ala

Ala Gly
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130

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln
530

Val

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala
515
Leu

Val

Gly

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly
550

Ala

Trp

Ser

Ser

Ser

His

215

Asp

Ala

Cys

Leu

Asn

295

His

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser
535

Asp

Val

Thr

Glu

Met

Phe

200

Tyr

Phe

Pro

Ala

Met

280

Tyr

His

Gly

Ala

Thr

360

Glu

Ala

Lys

Val

Ala

440

Phe

Thr

Asp

Ile

Asp
520
Glu

Gln

Leu

Pro

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr

265

Asn

Val

Tyr

Met

Ser

345

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Asn

Pro

170

Arg

Ser

Gly

Ala

Gln

250

Asn

Thr

Thr

Ala

Asp

330

Ala

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala

Val

155

Gly

Gly

Gly

Asn

Val

235

Gln

Ala

Ile

Ser

Asp

315

Thr

Gly

Tyr

His

Leu

395

Asn

Asp

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Asn

Glu

Leu

Gly

Asp

220

Ile

Cys

Val

Leu

Asp

300

Thr

Ser

Gly

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu
540

Thr

Trp

Pro

Asp

Glu

Glu

205

Phe

Ser

Ala

Asn

Arg

285

Cys

Asn

Cys

Phe

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Phe

Val

Gly

190

Pro

Glu

Ala

Arg

Gly

270

Gly

Glu

Ala

Glu

Leu

350

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Arg

Val

175

Arg

Pro

Asp

Gln

Asp

255

Val

His

Ala

Glu

Tyr

335

Thr

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu
560

Asp
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-continued

565 570 575

Gly Gly Thr Ala Val Val Arg Leu Leu Ser Gly Ala Glu Ser Pro Ala
580 585 590

Gly Arg Leu Pro Val Thr Gln Tyr Pro Ala Asn Tyr Thr Asp Ala Val
595 600 605

Pro Leu Thr Asp Met Thr Leu Arg Pro Ser Ala Thr Asn Pro Gly Arg
610 615 620

Thr Tyr Arg Trp Tyr Pro Thr Pro Val Arg Pro Phe Gly Phe Gly Leu
625 630 635 640

His Tyr Thr Thr Phe Arg Ala Glu Phe Gly Pro His Pro Phe Phe Pro
645 650 655

Gly Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys
660 665 670

Ser Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg
675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Thr Gly
755 760 765

Ala Gly Asp Gly Asp Val Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 3

<211> LENGTH: 828

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 3

Leu Asp Gly Pro Phe Gln Thr Tyr Pro Asp Cys Thr Lys Pro Pro Leu
1 5 10 15

Ser Asp Ile Lys Val Cys Asp Arg Thr Leu Pro Glu Ala Glu Arg Ala
20 25 30

Ala Ala Leu Val Ala Ala Leu Thr Asp Glu Glu Lys Leu Gln Asn Leu
35 40 45

Val Ser Lys Ala Pro Gly Ala Pro Arg Ile Gly Leu Pro Ala Tyr Asn
50 55 60

Trp Trp Ser Glu Ala Leu His Gly Val Ala His Ala Pro Gly Thr Gln
65 70 75 80

Phe Arg Asp Gly Pro Gly Asp Phe Asn Ser Ser Thr Ser Phe Pro Met
85 90 95
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Pro

Gly

Ser

Arg

145

Lys

Ser

Ile

Gly

Ala

225

Cys

Trp

Asp

Gly

305

Ser

Ala

Gly

Asp

Glu

385

Leu

Ala

Tyr

Gln

Asp
465
Ala

Ala

Gln

Leu

Asp

Gly

130

Trp

Arg

Ser

Ser

Thr

210

Glu

Gly

Ala

Thr

Val

290

Leu

Ser

Val

Tyr

Val

370

Gly

Pro

Met

Ser

Leu

450

Ser

Ala

Ala

Leu

Leu

Val

115

Leu

Gly

Tyr

Ser

Thr

195

Thr

Tyr

Ser

Asn

Glu

275

Ser

Cys

Asp

Asp

Phe

355

Asn

Ile

Asp

Ile

Gly

435

Gly

Asp

Asp

Gly

Ala

Met

100

Ile

Asp

Arg

Ala

Ser

180

Cys

Arg

Tyr

Val

Ser

260

His

Ala

Phe

Ile

Arg

340

Asp

Arg

Val

Asp

Gly

420

Ala

Trp

Glu

Ala

Glu
500

Leu

Ala

Gly

Tyr

Gly

Ala

165

Cys

Lys

His

Leu

Met

245

Tyr

Asp

His

Glu

Pro

325

Ala

Gly

Pro

Leu

Val

405

Phe

Pro

Asn

Glu

Asp
485

Thr

Ile

Ala

Thr

Trp

Ser

150

Ser

Ser

His

Asp

Ala

230

Cys

Leu

Asn

His

Ala

310

Gly

Leu

Pro

Glu

Leu

390

Val

Trp

Pro

Val

Glu
470
Tyr

Lys

Ser

Ala

Glu

Thr

135

Glu

Met

Phe

Tyr

Phe

215

Pro

Ala

Met

Tyr

His

295

Gly

Ala

Thr

Glu

Ala

375

Lys

Val

Ala

Phe

Thr

455

Asp

Ile

Asp

Glu

Phe

Ala

120

Pro

Thr

Ile

Gly

Ala

200

Asp

Phe

Tyr

Asn

Val

280

Tyr

Met

Ser

Arg

Ser

360

Gln

Asn

Thr

Asp

Ala

440

Val

Thr

Val

Arg

Leu

Asp

105

Arg

Asn

Pro

Arg

Ser

185

Gly

Ala

Gln

Asn

Thr

265

Thr

Ala

Asp

Ala

Leu

345

Pro

Glu

Asp

Ala

Ala

425

Arg

Ala

Trp

Tyr

Met
505

Ala

Asp

Ala

Val

Gly

Gly

170

Gly

Asn

Val

Gln

Ala

250

Ile

Ser

Asp

Thr

Gly

330

Tyr

His

Leu

Asn

Asp

410

Pro

Ser

Gly

Thr

Phe
490

Thr

Arg

Glu

Phe

Asn

Glu

155

Leu

Gly

Asp

Ile

Cys

235

Val

Leu

Asp

Thr

Ser

315

Gly

Arg

Ala

Ala

Asp

395

Gly

Asp

Pro

Gly

Ala
475
Gly

Ile

Leu

Leu

Gly

Pro

140

Asp

Glu

Glu

Phe

Ser

220

Ala

Asn

Arg

Cys

Asn

300

Cys

Phe

Ser

Ser

Leu

380

Thr

Gly

Lys

Ala

Pro

460

Pro

Gly

Gly

Gly

Ile

Asn

125

Phe

Val

Gly

Pro

Glu

205

Ala

Arg

Gly

Gly

Glu

285

Ala

Glu

Leu

Leu

Leu

365

Arg

Leu

Arg

Leu

Ser

445

Val

Ala

Leu

Trp

Lys

Glu

110

Ala

Arg

Val

Arg

Pro

190

Asp

Gln

Asp

Val

His

270

Ala

Glu

Tyr

Thr

Val

350

Gly

Ala

Pro

Arg

Phe

430

Ala

Leu

Val

Asp

Pro
510

Pro

Ala

Gly

Asp

Arg

Ser

175

Arg

Trp

Asp

Ser

Pro

255

Trp

Val

Gly

Glu

Trp

335

Arg

Trp

Ala

Leu

Arg

415

Gly

Ala

Glu

Glu

Thr
495

Ala

Val

Val

Trp

Pro

Leu

160

Ser

Val

Asn

Leu

Arg

240

Ser

Asn

Leu

Thr

Gly

320

Pro

Val

Ala

Val

Pro

400

Val

Gly

Arg

Gly

Ala
480
Ser

Ala

Val
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515 520 525

Val Val Gln Met Gly Asp Gln Leu Asp Asp Thr Pro Leu Phe Glu Leu
530 535 540

Asp Gly Val Gly Ala Val Leu Trp Ala Asn Trp Pro Gly Gln Asp Gly
545 550 555 560

Gly Thr Ala Val Val Arg Leu Leu Ser Gly Ala Glu Ser Pro Ala Gly
565 570 575

Arg Leu Pro Val Thr Gln Tyr Pro Ala Asn Tyr Thr Asp Ala Val Pro
580 585 590

Leu Thr Asp Met Thr Leu Arg Pro Ser Ala Thr Asn Pro Gly Arg Thr
595 600 605

Tyr Arg Trp Tyr Pro Thr Pro Val Arg Pro Phe Gly Phe Gly Leu His
610 615 620

Tyr Thr Thr Phe Arg Ala Glu Phe Gly Pro His Pro Phe Phe Pro Gly
625 630 635 640

Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys Ser
645 650 655

Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg Arg
660 665 670

Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp Cys
675 680 685

Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val Arg
690 695 700

Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala Phe
705 710 715 720

Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu Val
725 730 735

Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Thr Gly Ala
740 745 750

Gly Asp Gly Asp Val Ala Thr Thr Thr Val Ser Leu Asp Trp Thr Val
755 760 765

Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr Pro
770 775 780

Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val Gln
785 790 795 800

Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala Pro
805 810 815

Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
820 825

<210> SEQ ID NO 4

<211> LENGTH: 2668

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 4

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120
cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag gtatgtatge ggagagagag aaacacacac acacgcgcegce 240

gegcacacac acacacacac acactctcete tetetetete tegegtacca tgggtgecgt 300
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ctgacgtttt

gecegegtac

gttcegegac

ggcegecgee

cecgegecttt

ctteegggac

caagcgctac

ctgetectte

cggcaacgac

ggcgcaggac

cgteggetec

gtacctecty

caccagcgac

cgccgagggce

cteetecgac

cgcectgacy

geegcacgece

gegegetgee

getgeeggac

cttetgggec

gegetegece

cgtectggag

ggccgecgac

gaccaaggac

ggCgngCtC

cctettegag

cggcacggec

gacccagtac

gtcggegace

ctteggecte

dgcgggeaag

gcagcagcag

gatccgggac

gCtgangtg

cgtgtcgggc

dgcgcegegyay

taccgtcteg

aatcctgtac

gttcegeccte

cteccaccgec

ccetttgtet

aactggtgga

dggccggggy

ttcgacgacy

ggcaacgccyg

ceceegetgygy

geegecteca

ggatccggag

tttgaggact

ctggecgagt

gtcatgtgeyg

aacacgatcc

tgcgaggecg

accggectet

atccegggeyg

cggcetgtace

tegetggget

gtcgagggca

gatgtcgttyg

gacgcccegyg

gcgagcegecy

ggagactcgg

gecgactaca

cggatgacga

ggcaagcccyg

ctggacgggg

gtggtccgge

cecggecaact

aacccgggec

cactatacca

ggcgatggeg

caacagcagc

ctgetecgeyg

cgcegtgacca

gagtacgggc

ctaaagggga

ctcgactgga

ccgggaactt

dagggcgage

agggggagge

ctgtgtecag

gegaggeget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

actacctgge

cctacaacge

tgcgcgggca

tcctegacgt

gettegagge

cctecgeegy

ggagcctggt

gggCCgant

tegtgetget

tcaccgctga

acaagctgtt

cceggeaget

acgaggagga

tegtetactt

thggtggCC

tegtggtgge

tgggCgCCgt

tgctcagegy

acaccgacgc

ggacctaccyg

cctteeggge

acggcgagga

agcagcagca

actgcgacaa

acgagggcga

cggegecgta

agggeggega

cegteggeaa

acaccctcac

cegtegtget

acaggtaa

caaggcgeceg

gcacggggtyg

gtccacgteg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

geegttecag

cgtcaacggy

ctggaactgg

cteggeccac

cggcatggac

cggettectyg

gegggtegge

caaccggecc

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

dgcggegceayg

gcagatgggc

cctgtgggec

cgcegagage

ggtgccccty

ctggtacceg

cgagttegge

caagggcgag

dcgcagggcy

gacgtacccyg

gegegegtece

cccgatcaag

cggcgacggce

cctggecege

tctegacgag

cgacgagtgg

ggggcgccgce ggatcggcct

geccacgege ccgggacgca

ttcecgatge cgetgetgat

gacgtcatcg gcaccgagge

tggacccecca acgtcaacce

ggcgaggacyg tcegtgegect

cgttectect cctectecte

tcgacctgeca agcactacge

gacttegacg ccgtcatcte

cagtgegege gcgactegeg

gtgcegtegt gegccaacte

accgagcacg acaactacgt

caccactacg ccgacaccaa

acgagctgeg agtacgaggyg

acctggeceyg cegtegaccey

tactttgacg gccccgagte

gaggcgcagg agcetggecct

aacgacacgce tgccgetgee

cgecegegteg ccatgategyg

agcggegege cccecttege

gtcacggteg ccggagggece

acggcgeegg ccegtcegagge

gacacgtcgg cggcgggcga

ctggegetca tcteggaget

gaccagcteg acgacacgcece

aactggcegg gccaggacgg

ceggeeggee gectgecegt

accgacatga ccctgegece

actccegtee ggeccttegy

ccccaccect tettecegygy

agcaagagcg agatcaggac

geggeggegyg ccaccacgec

gacacgtgce cgetgecegece

gactacgtgg tgctggectt

acgctggtet cgtacgegeg

gacggegacyg gcegccaccac

cacgacgagce gcggcaacac

ceggeccagg cgagcegtgea

cctgegeege cgagtgccaa

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2668
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<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Gly

Leu

Ala

Leu

65

Asn

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Lys

Leu

Ser

Ala

50

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Ala

Asp

Asp

35

Ala

Ser

Trp

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val
355

Ser

Gly

20

Ile

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

SEQ ID NO 5
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

845

5

Val

5

Pro

Lys

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe
325

Ile

Arg

Ser

Phe

Val

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Synthetic polypeptide

Cys

Gln

Cys

Ala

55

Gly

Leu

Gly

Ala

Thr

135

Trp

Ser

Ser

Ser

His

215

Asp

Ala

Cys

Leu

Asn

295

His

Ala

Gly

Leu

Leu

Thr

Asp

40

Leu

Ala

His

Asp

Ala

120

Glu

Thr

Glu

Met

Phe

200

Tyr

Phe

Pro

Ala

Leu

280

Tyr

His

Gly

Ala

Thr
360

Val

Tyr

25

Arg

Thr

Pro

Gly

Phe

105

Phe

Ala

Pro

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr

265

Asn

Val

Tyr

Met

Ser
345

Arg

Gly

Pro

Thr

Asp

Arg

Val

90

Asn

Asp

Arg

Asn

Pro

170

Arg

Ser

Gly

Ala

Gln

250

Asn

Thr

Thr

Ala

Asp
330

Ala

Leu

Met

Asp

Leu

Glu

Ile

Ala

Ser

Asp

Ala

Val

155

Gly

Gly

Gly

Asn

Val

235

Gln

Ala

Ile

Ser

Asp
315
Thr

Gly

Tyr

Ser

Cys

Pro

Glu

60

Gly

His

Ser

Glu

Phe

140

Asn

Glu

Leu

Gly

Asp

220

Ile

Cys

Val

Leu

Asp

300

Thr

Ser

Gly

Arg

Ala

Thr

Glu

45

Lys

Leu

Ala

Thr

Leu

125

Gly

Pro

Asp

Glu

Glu

205

Phe

Ser

Ala

Asn

Arg

285

Cys

Asn

Cys

Phe

Ser
365

Val

Lys

30

Ala

Leu

Pro

Pro

Ser

110

Ile

Asn

Phe

Val

Gly

190

Pro

Glu

Ala

Arg

Gly

270

Gly

Glu

Ala

Glu

Leu
350

Leu

Ala

Pro

Glu

Gln

Ala

Gly

95

Phe

Glu

Ala

Arg

Val

175

Arg

Pro

Asp

Gln

Asp

255

Val

His

Ala

Glu

Tyr
335

Thr

Val

Tyr

Pro

Arg

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly
320
Glu

Trp

Arg
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141

-continued

142

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Asp

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly
770

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr
755

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly
740

Ala

Gly

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu
725
Glu

Arg

Asp

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Gly

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Thr Thr Pro Ile Arg Asp Leu Leu Arg
695 700

Asp Thr Cys Pro Leu Pro Pro Leu Thr
715

Glu Arg Ala Ser Asp Tyr Val Val Leu
730 735

Gly Pro Ala Pro Tyr Pro Ile Lys Thr
745 750

Arg Gly Leu Lys Gly Lys Gly Gly Asp
760 765

Ala Thr Thr Thr Val Ser Leu Asp Trp
775 780

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr
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144

Val Gly Asn
785

Pro Gly Thr

Gln Phe Ala

Pro Pro Ser
835

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile
790

795

Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala

805

810

Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp

820

825 830

Ala Asn Ser Thr Ala Arg Gly Arg His Arg

D NO 6
H: 2668
DNA

840

845

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 6

atgaaggcct

cctttecaga

cggacactge

aagctgcaaa

gegcacacac

ctgacgtttt

gecegegtac

gttcegegac

ggcegecgee

cecgegecttt

ctteegggac

caagcgctac

ctgetectte

cggctatgac

ggcgcaggac

cgteggetec

gtacctecty

caccagcgac

cgccgagggce

cteetecgac

cgcectgacy

geegcacgece

gegegetgee

getgeeggac

cttetgggec

gegetegece

cgtectggag

ggccgecgac

gaccaaggac

ctgtatcatg

cctacceega

c¢cgaggcegga

acctggteag

acacacacac

ccetttgtet

aactggtgga

dggccggggy

ttcgacgacy

ggcaacgccyg

ceceegetgygy

geegecteca

ggatccggag

tttgaggact

ctggecgagt

gtcatgtgeyg

aacacgatcc

tgcgaggecg

accggectet

atccegggeyg

cggcetgtace

tegetggget

gtcgagggca

gatgtcgttyg

gacgcccegyg

gcgagcegecy

ggagactcgg

gecgactaca

cggatgacga

cctegtegge

ctgcaccaag

gcgggeggcea

gtatgtatge

acactctctce

ctgtgtecag

gegaggeget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

actacctgge

cctacaacge

tgcgcgggca

tcctegacgt

gettegagge

cctecgeegy

ggagcctggt

gggCCgant

tegtgetget

tcaccgctga

acaagctgtt

cceggeaget

acgaggagga

tegtetactt

thggtggCC

ic polynucleotide

atgagcgeeyg tggectacgg
cccecectgt ccgatattaa
geectegtgyg cagecctgac
ggagagagag aaacacacac
tctetetete tegegtacca
caaggcgeeg ggggegecge
gcacggggty gcccacgege
gtccacgteg ttecegatge
ggcegtegge gacgtcateg
cctegactac tggaccccca
cgagacgeeyg ggcgaggacyg
getegagggt cgttectect
gegegtecate gegacctgca
gacgcggeac gacttcgacg
geegttecag cagtgegege
cgtcaacggyg gtgcegtegt
ctggaactgyg accgagcacg
ctcggeccac caccactacg
cggcatggac acgagcetgeg
cggettectyg acctggeccey
gegggtegge tactttgacg
caaccggece gaggcegcagyg
caagaacgac aacgacacgc
tggtggcege cgecgegteg
tggcgggtac agceggegege
gggcetggaac gtcacggteg
ggacacgtgg acggcgcecgg
tggcggecty gacacgtegyg

ggcggegeag ctggegetca

Leu Tyr
800

Ser Val
815

Pro Ala

cctegatgge
ggtgtgcgac
cgacgaggag
acacgecgege
tgggtgcegt
ggatcggect
ccgggacgcea
cgectgetgat
gcaccgagge
acgtcaacce
tegtgegect
cctectecte
agcactacge
cecgteatcete
gegactegeg
gegecaacte
acaactacgt
ccgacaccaa
agtacgaggg
cegtegacey
gececgagte
agctggeect
tgcecgetgee
ccatgategyg

ccececttege

ccggagggcec

cegtegagge

¢ggcgggega

tcteggaget

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740



145

US 9,476,077 B2

146

-continued
ggcgeggete ggcaageceg tegtggtggt gcagatggge gaccageteg acgacacgec 1800
cctettegag ctggacgggg tgggcgecgt cctgtgggece aactatccgg gecaggacgg 1860
cggcacggee gtggteegge tgctcagegg cgecgagage ceggeeggee gectgecegt 1920
gacccagtac ccggccaact acaccgacge ggtgcccctg accgacatga ccctgegecc 1980
gtecggegace aaccegggee ggacctacceg ctggtacceg actccegtec ggeccttegg 2040
cttcggecte cactatacca cctteceggge cgagttegge ccecccacccecet tettecececggg 2100
ggcgggcaag ggcgatggeg acggcgagga caagggcgag agcaagageg agatcaggac 2160
gcagcagcag caacagcagce agcagcagca gcgcagggeg goeggeggegyg ccaccacged 2220
gatccgggac ctgctcegeg actgcgacaa gacgtacceg gacacgtgeco cgetgecgec 2280
gctgacggtyg cgcgtgacca acgagggcga gcgcgcgtec gactacgtgg tgctggectt 2340
cgtgteggge gagtacggge cggegecgta cccgatcaag acgetggtet cgtacgegeg 2400
ggcgegeggyg ctaaagggga agggcggcega cggcgacgge gacggcegacyg gegecaccac 2460
taccgtcteg ctegactgga cegteggeaa cctggeccge cacgacgage geggcaacac 2520
aatcctgtac ccgggaactt acaccctecac tctegacgag ceggeccagg cgagegtgca 2580
gttegeccte gagggcgage cegtcegtget cgacgagtgg cctgegecge cgagtgecaa 2640
ctccaccgece agggggaggce acaggtaa 2668

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 7
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 7

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Leu
115

Val Gly Asp
130

Trp Ser Gly
145

Pro Arg Trp

Leu Lys Arg

Ser Val Ser Cys Leu

5

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

135

Leu Asp Tyr Trp Thr
150

Gly Arg Gly Ser Glu

165

Tyr Ala Ala Ser Met

180

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile
75

Gly Val Ala

Phe Asn Ser
105

Phe Asp Asp

Ala Arg Ala

Pro Asn Val

155

Thr Pro Gly
170

Ile Arg Gly
185

Synthetic polypeptide

Ser Ala Val
Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ser Thr Ser
110

Glu Leu Ile
125

Phe Gly Asn
140

Asn Pro Phe

Glu Asp Val

Leu Glu Gly
190

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr

80

Gly Thr

Phe Pro

Glu Ala

Ala Gly

Arg Asp

160

Val Arg
175

Arg Ser
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-continued

148

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

Ser

195

Ala

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu
595

Thr

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala
580

Pro

Asp

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly
565
Val

Val

Met

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Ser

His

215

Asp

Ala

Cys

Leu

Asn

295

His

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser

535

Asp

Val

Arg

Gln

Leu

Phe

200

Tyr

Phe

Pro

Ala

Leu

280

Tyr

His

Gly

Ala

Thr

360

Glu

Ala

Lys

Val

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Tyr
600

Arg

Gly

Ala

Asp

Phe

Tyr

265

Asn

Val

Tyr

Met

Ser

345

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu
585

Pro

Pro

Ser

Gly

Ala

Gln

250

Asn

Thr

Thr

Ala

Asp

330

Ala

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala
570
Ser

Ala

Ser

Gly

Tyr

Val

235

Gln

Ala

Ile

Ser

Asp

315

Thr

Gly

Tyr

His

Leu

395

Asn

Asp

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Gly

Asp

220

Ile

Cys

Val

Leu

Asp

300

Thr

Ser

Gly

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu

540

Thr

Tyr

Ala

Tyr

Thr

Glu

205

Phe

Ser

Ala

Asn

Arg

285

Cys

Asn

Cys

Phe

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Thr
605

Asn

Pro

Glu

Ala

Arg

Gly

270

Gly

Glu

Ala

Glu

Leu

350

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser
590

Asp

Pro

Pro

Asp

Gln

Asp

255

Val

His

Ala

Glu

Tyr

335

Thr

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln
575
Pro

Ala

Gly

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg
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149 150

-continued

610 615 620

Thr Tyr Arg Trp Tyr Pro Thr Pro Val Arg Pro Phe Gly Phe Gly Leu
625 630 635 640

His Tyr Thr Thr Phe Arg Ala Glu Phe Gly Pro His Pro Phe Phe Pro
645 650 655

Gly Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys
660 665 670

Ser Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg
675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Asp Gly
755 760 765

Asp Gly Asp Gly Asp Gly Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 8

<211> LENGTH: 2668

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 8
atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60

cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag gtatgtatge ggagagagag aaacacacac acacgcgcegce 240
gegcacacac acacacacac acactctcete tetetetete tegegtacca tgggtgecgt 300
ctgacgtttt ccctttgtet ctgtgtecag caaggegeeg ggggegeege ggatceggect 360

gecegegtac aactggtgga gegaggeget gcacggggtg geccacgege ccgggacgea 420

gttcegegac gggceggggg acttcaacte gtccacgteg tteccgatge cgattcetgat 480
ggcegecgee ttegacgacg agctgatcega ggccgtegge gacgtcateg geaccgagge 540
cegegecttt ggcaacgeeg getggteegg cctegactac tggaccccca acgtcaaccce 600
ctteegggac cccegetggg gecgeggete cgagacgeeg ggcgaggacyg tegtgegect 660
caagcgctac gecgecteca tgatcegegg getegagggt cgttectect cctectecte 720

ctgctectte ggatcecggag gggagecgee gegegteate gegacctgca agcactacge 780
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152

-continued
cggcaacgac tttgaggact ggaacggcac gacgeggcac gacttegacg ccgtcatcte 840
ggcgcaggac ctggecgagt actacctgge gecegttecag cagtgegege gegactegeg 900
cgteggetee gtcatgtgeg cctacaacge cgtcaacggg gtgecgtegt gegcecaacte 960
gtacctcctyg aacacgatcce tgcgegggca ctggaactgg accgagcacyg acaactacgt 1020
caccagcgac tgcgaggecg tectegacgt cteggeccac caccactacg ccgacaccaa 1080
cgecegaggge accgegetet gettegagge cggcatggac acgagetgeg agtacgaggg 1140
ctectecgac atccegggeg cctecgeegg cggettectg acctggeceg cegtegaceg 1200
cgeccctgacg cggctgtace ggagectggt gcgggtegge tactttgacg gecccgagtce 1260
gecgecacgee tcegetggget gggecgacgt caaccggece gaggcgcagyg agetggecct 1320
gegegetgee gtcegagggcea tegtgetget caagaacgac aacgacacgce tgecgetgec 1380
gctgecggac gatgtegttg tcaccgetga tggtggccge cgccgegtceg ccatgategg 1440
cttectgggece gacgcccegg acaagctgtt tggegggtac agcggcgcge cccccttege 1500
gegetegece gegagegeeg cecggcaget gggctggaac gtcacggteg ccggagggec 1560
cgtectggag ggagactegg acgaggagga ggacacgtgg acggegeegg ccegtcegagge 1620
ggccgecgac gecgactaca tegtctactt tggeggectg gacacgtegyg cggegggega 1680
gaccaaggac cggatgacga tcgggtggee ggceggegcag ctggegetca tcteggaget 1740
ggcgeggete ggcaageceg tegtggtggt gcagatggge gaccageteg acgacacgec 1800
cctettegag ctggacgggg tgggcgecgt cctgtgggece aactatccgg gecaggacgg 1860
cggcacggee gtggteegge tgctcagegg cgecgagage ceggeeggee gectgecegt 1920
gacccagtac ccggccaact acaccgacge ggtgcccctg accgacatga ccctgegecc 1980
gtecggegace aaccegggee ggacctacceg ctggtacceg actccegtec ggeccttegg 2040
cttcggecte cactatacca cctteceggge cgagttegge ccecccacccecet tettecececggg 2100
ggcgggcaag ggcgatggeg acggcgagga caagggcgag agcaagageg agatcaggac 2160
gcagcagcag caacagcagce agcagcagca gcgcagggeg goeggeggegyg ccaccacged 2220
gatccgggac ctgctcegeg actgcgacaa gacgtacceg gacacgtgeco cgetgecgec 2280
gctgacggtyg cgcgtgacca acgagggcga gcgcgcgtec gactacgtgg tgctggectt 2340
cgtgteggge gagtacggge cggegecgta cccgatcaag acgetggtet cgtacgegeg 2400
ggcgegeggyg ctaaagggga agggcggcega cggcgacgge gacggcegacyg gegecaccac 2460
taccgtcteg ctegactgga cegteggeaa cctggeccge cacgacgage geggcaacac 2520
aatcctgtac ccgggaactt acaccctecac tctegacgag ceggeccagg cgagegtgca 2580
gttegeccte gagggcgage cegtcegtget cgacgagtgg cctgegecge cgagtgecaa 2640
ctccaccgece agggggaggce acaggtaa 2668

<210> SEQ ID NO 9
<211> LENGTH: 845

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 9

Synthetic polypeptide

Met Lys Ala Ser Val Ser Cys Leu Val Gly Met Ser Ala Val Ala Tyr

1

5

10

15

Gly Leu Asp Gly Pro Phe Gln Thr Tyr Pro Asp Cys Thr Lys Pro Pro



US 9,476,077 B2

153

-continued

154

Leu

Ala

Leu

65

Asn

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Ser

Ala

50

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Ala

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Asp

35

Ala

Ser

Trp

Arg

Ile

115

Asp

Gly

Trp

Arg

Ser

195

Ala

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met
435

20

Ile

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp
420

Ile

Lys

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val
405

Asp

Gly

Val

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro
390
Leu

Val

Phe

25 30

Cys Asp Arg Thr Leu Pro Glu Ala Glu
40 45

Ala Leu Thr Asp Glu Glu Lys Leu Gln
55 60

Gly Ala Pro Arg Ile Gly Leu Pro Ala
75

Leu His Gly Val Ala His Ala Pro Gly
Gly Asp Phe Asn Ser Ser Thr Ser Phe
105 110

Ala Ala Phe Asp Asp Glu Leu Ile Glu
120 125

Thr Glu Ala Arg Ala Phe Gly Asn Ala
135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Asn Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Leu Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Arg

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala
400
Leu

Arg

Gly
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155

-continued

156

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Pro

Gln

Pro

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly

770

Gly

Gly

Phe

Pro

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr

755

Asp

Asn

Thr

Ala

Ser
835

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly

740

Ala

Gly

Leu

Tyr

Leu
820

Ala

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu

725

Glu

Arg

Asp

Ala

Thr
805

Glu

Asn

<210> SEQ ID NO 10

<211> LENGTH:

2668

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Gly

Arg

790

Leu

Gly

Ser

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Tyr Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Thr Thr Pro Ile Arg Asp Leu Leu Arg
695 700

Asp Thr Cys Pro Leu Pro Pro Leu Thr
715

Glu Arg Ala Ser Asp Tyr Val Val Leu
730 735

Gly Pro Ala Pro Tyr Pro Ile Lys Thr
745 750

Arg Gly Leu Lys Gly Lys Gly Gly Asp
760 765

Ala Thr Thr Thr Val Ser Leu Asp Trp
775 780

His Asp Glu Arg Gly Asn Thr Ile Leu
795

Thr Leu Asp Glu Pro Ala Gln Ala Ser
810 815

Glu Pro Val Val Leu Asp Glu Trp Pro
825 830

Thr Ala Arg Gly Arg His Arg
840 845

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr

Tyr

800

Val

Ala
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157 158

-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 10

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60

cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag gtatgtatge ggagagagag aaacacacac acacgcgcegce 240
gegcacacac acacacacac acactctcete tetetetete tegegtacca tgggtgecgt 300
ctgacgtttt ccctttgtet ctgtgtecag caaggegeeg ggggegeege ggatceggect 360

gecegegtac aactggtgga gegaggeget gcacggggtg geccacgege ccgggacgea 420

gttcegegac gggceggggg acttcaacte gtccacgteg tteccgatge cgattcetgat 480
ggcegecgee ttegacgacg agctgatcega ggccgtegge gacgtcateg geaccgagge 540
cegegecttt ggcaacgeeg getggteegg cctegactac tggaccccca acgtcaaccce 600
ctteegggac cccegetggg gecgeggete cgagacgeeg ggcgaggacyg tegtgegect 660
caagcgctac gecgecteca tgatcegegg getegagggt cgttectect cctectecte 720
ctgctectte ggatcecggag gggagecgee gegegteate gegacctgca agcactacge 780
cggcaacgac tttgaggact ggaacggcac gacgeggcac gacttegacg ccgtcatcte 840
ggcgcaggac ctggecgagt actacctgge gecegttecag cagtgegege gegactegeg 900
cgteggetee gtcatgtgeg cctacaacge cgtcaacggg gtgecgtegt gegcecaacte 960

gtacctcatg aacacgatcc tgcgcegggca ctggaactgg accgagcacyg acaactacgt 1020
caccagcgac tgcgaggecg tectegacgt cteggeccac caccactacg ccgacaccaa 1080
cgecegaggge accggectet gettegagge cggcatggac acgagetgeg agtacgaggg 1140
ctectecgac atccegggeg cctecgeegg cggettectg acctggeceg cegtegaceg 1200
cgeccctgacg cggctgtace ggagectggt gcgggtegge tactttgacg gecccgagtce 1260
gecgecacgee tcegetggget gggecgacgt caaccggece gaggcgcagyg agetggecct 1320
gegegetgee gtcegagggcea tegtgetget caagaacgac aacgacacgce tgecgetgec 1380
gctgecggac gatgtegttg tcaccgetga tggtggccge cgccgegtceg ccatgategg 1440
cttectgggece gacgcccegg acaagctgtt tggegggtac agcggcgcge cccccttege 1500
gegetegece gegagegeeg cecggcaget gggctggaac gtcacggteg ccggagggec 1560
cgtectggag ggagactegg acgaggagga ggacacgtgg acggegeegg ccegtcegagge 1620
ggccgecgac gecgactaca tegtctactt tggeggectg gacacgtegyg cggegggega 1680
gaccaaggac cggatgacga tcgggtggee ggceggegcag ctggegetca tcteggaget 1740
ggcgeggete ggcaageceg tegtggtggt gcagatggge gaccageteg acgacacgec 1800
cctettegag ctggacgggg tgggegeegt cctgtgggece aactggeegg gecaggacgg 1860
cggcacggee gtggteegge tgctcagegg cgecgagage ceggeeggee gectgecegt 1920
gacccagtac ccggccaact acaccgacge ggtgcccctg accgacatga ccctgegecc 1980
gtecggegace aaccegggee ggacctacceg ctggtacceg actccegtec ggeccttegg 2040

cttcggecte cactatacca cctteceggge cgagttegge ccecccacccecet tettecececggg 2100

ggcgggcaag ggcgatggeg acggcgagga caagggcgag agcaagageg agatcaggac 2160
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160

gcagcagcag
gatccgggac
gectgacggtyg
cgtgteggge
ggegegeggy
taccgtcteg
aatcctgtac
gttcegeccte
cteccaccgec
<210> SEQ I

<211> LENGT.
<212> TYPE:

caacagcagc

ctgetecgeyg

cgcegtgacca

gagtacgggc

ctaaagggga

ctcgactgga

ccgggaactt

dagggcgage

agggggagge
D NO 11

H: 845
PRT

agcagcagca
actgcgacaa
acgagggega
cggegecgta
agggcggega
cegteggeaa
acacccteac
cegtegtget

acaggtaa

dcgcagggcy

gacgtacccyg

gegegegtece

cccgatcaag

cggcgacggce

cctggecege

tctegacgag

cgacgagtgg

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 11

Met Lys Ala
1

Gly Leu Asp
Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Ile
115

Val Gly Asp
130

Trp Ser Gly
145

Pro Arg Trp

Leu Lys Arg

Ser Ser Ser
195

Val Ile Ala
210

Asn Gly Thr
225

Leu Ala Glu

Arg Val Gly

Ser Val Ser Cys Leu

5

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

135

Leu Asp Tyr Trp Thr
150

Gly Arg Gly Ser Glu

165

Tyr Ala Ala Ser Met

180

Ser Ser Cys Ser Phe

200

Thr Cys Lys His Tyr

215

Thr Arg His Asp Phe
230

Tyr Tyr Leu Ala Pro

245

Ser Val Met Cys Ala

260

Val

Tyr

25

Arg

Thr

Pro

Gly

Phe

105

Phe

Ala

Pro

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr
265

Gly

10

Pro

Thr

Asp

Arg

Val

90

Asn

Asp

Arg

Asn

Pro

170

Arg

Ser

Gly

Ala

Gln
250

Asn

Met

Asp

Leu

Glu

Ile

75

Ala

Ser

Asp

Ala

Val

155

Gly

Gly

Gly

Asn

Val
235

Gln

Ala

geggeggegyg ccaccacgec

gacacgtgce cgetgecegece

gactacgtgg tgctggectt

acgctggtet cgtacgegeg

gacggegacyg gcegccaccac

cacgacgagce gcggcaacac

ceggeccagg cgagcegtgea

cctgegeege cgagtgccaa

Synthetic polypeptide

Ser Ala Val Ala Tyr
15

Cys Thr Lys Pro Pro
30

Pro Glu Ala Glu Arg
45

Glu Lys Leu Gln Asn
60

Gly Leu Pro Ala Tyr
80

His Ala Pro Gly Thr
95

Ser Thr Ser Phe Pro
110

Glu Leu Ile Glu Ala
125

Phe Gly Asn Ala Gly
140

Asn Pro Phe Arg Asp
160

Glu Asp Val Val Arg
175

Leu Glu Gly Arg Ser
190

Gly Glu Pro Pro Arg
205

Asp Phe Glu Asp Trp
220

Ile Ser Ala Gln Asp
240

Cys Ala Arg Asp Ser
255

Val Asn Gly Val Pro
270

2220

2280

2340

2400

2460

2520

2580

2640

2668
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162

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys
660

Arg

Ala

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe
645
Gly

Thr

Ala

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Leu

Asn

295

His

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser

535

Asp

Val

Arg

Gln

Leu

615

Thr

Ala

Gly

Gln

Thr

Met

280

Tyr

His

Gly

Ala

Thr

360

Glu

Ala

Lys

Val

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Tyr

600

Arg

Pro

Glu

Asp

Gln
680

Thr

Asn

Val

Tyr

Met

Ser

345

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gly
665

Gln

Pro

Thr

Thr

Ala

Asp

330

Ala

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly

650

Glu

Gln

Ile

Ile

Ser

Asp

315

Thr

Gly

Tyr

His

Leu

395

Asn

Asp

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro

635

Pro

Asp

Gln

Arg

Leu

Asp

300

Thr

Ser

Gly

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu

540

Thr

Trp

Ala

Tyr

Thr

620

Phe

His

Lys

Gln

Asp

Arg

285

Cys

Asn

Cys

Phe

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Thr

605

Asn

Gly

Pro

Gly

Gln
685

Leu

Gly

Glu

Ala

Glu

Leu

350

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser

590

Asp

Pro

Phe

Phe

Glu
670

Gln

Leu

His

Ala

Glu

Tyr

335

Thr

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln

575

Pro

Ala

Gly

Gly

Phe
655
Ser

Gln

Arg

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp
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-continued

690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Asp Gly
755 760 765

Asp Gly Asp Gly Asp Gly Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 12

<211> LENGTH: 2668

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 12
atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60

cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag gtatgtatge ggagagagag aaacacacac acacgcgcegce 240
gegcacacac acacacacac acactctcete tetetetete tegegtacca tgggtgecgt 300
ctgacgtttt ccctttgtet ctgtgtecag caaggegeeg ggggegeege ggatceggect 360

gecegegtac aactggtgga gegaggeget gcacggggtg geccacgege ccgggacgea 420

gttcegegace gggceggggg acttcaacte ggcegacgteg tteccgatge cgetgetgat 480
ggcegecgee ttegacgacg agctgatcega ggccgtegge gacgtcateg geaccgagge 540
cegegecttt ggcaacgeeg getggteegg cctegactac tggaccccca acgtcaaccce 600
ctteegggac cccegetggg gecgeggete cgagacgeeg ggcgaggacyg tegtgegect 660
caagcgctac gecgecteca tgatcegegg getegagggt cgttectect cctectecte 720
ctgctectte ggatcecggag gggagecgee gegegteate gegacctgca agcactacge 780
cggcaacgac tttgaggact ggaacggcac gacgeggcac gacttegacg ccgtcatcte 840
ggcgcaggac ctggecgagt actacctgge gecegttecag cagtgegege gegactegeg 900
cgteggetee gtcatgtgeg cctacaacge cgtcaacggg gtgecgtegt gegcecaacte 960

gtacctcctyg aacacgatcce tgcgegggca ctggaactgg accgagcacyg acaactacgt 1020

caccagcgac tgcgaggecg tectegacgt cteggeccac caccactacg ccgacaccaa 1080

cgecegaggge accggectet gettegagge cggcatggac acgagetgeg agtacgaggg 1140

ctectecgac atccegggeg cctecgeegg cggettectg acctggeceg cegtegaceg 1200
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-continued
cgeccctgacg cggctgtace ggagectggt gcgggtegge tactttgacg gecccgagtce 1260
geegeacgee tegetggget gggecgacgt caaccggece gaggcgcagg agetggeect 1320
gegegetgee gtecgagggca tcegtgetget caagaacgac aacgacacgce tgecgetgece 1380
gctgecggac gatgtegttg tcaccgetga tggtggccge cgccgegtceg ccatgategg 1440
cttectgggece gacgcccegg acaagctgtt tggegggtac agcggcgcge cccccttege 1500
gegetegeee gegagegeceg ccocggeaget gggcetggaac gtcacggteg ceggagggec 1560
cgtectggag ggagactegg acgaggagga ggacacgtgg acggegcecegyg ccgtcgagge 1620
ggecgecgac gecgactaca tcegtctactt tggeggectg gacacgtegg cggegggega 1680
gaccaaggac cggatgacga tcgggtggcce ggceggegcag ctggcegetca tcteggaget 1740
ggegeggete ggcaagccceg tcegtggtggt gcagatggge gaccageteg acgacacgec 1800
cctettegag ctggacgggg tgggcgecgt cctgtgggece aactatccgg gecaggacgg 1860
cggcacggee gtggtecgge tgctcagegg cgecgagage ceggecggece gectgecegt 1920
gacccagtac ccggccaact acaccgacgce ggtgccectg accgacatga cectgcegecce 1980
gteggegace aacccgggece ggacctaccg ctggtacceg actccegtec ggeccttegyg 2040
cttcggecte cactatacca cctteceggge cgagttegge ccecccacccecet tettecececggg 2100
ggcgggcaayg ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac 2160
gcagcagcag caacagcagce agcagcagca gcgcagggeg geggceggegg ccaccacgec 2220
gatccgggac ctgcteccgeg actgegacaa gacgtacceg gacacgtgec cgetgccgece 2280
gctgacggtyg cgcgtgacca acgagggcga gcgcgcgtec gactacgtgg tgctggectt 2340
cgtgteggge gagtacggge cggcgecgta cecgatcaag acgctggtet cgtacgegeg 2400
ggcgegegygy ctaaagggga agggeggcga cggcgacgge gacggcegacg gegecaccac 2460
taccgtceteg ctcegactgga ccgtcggeaa ccetggecege cacgacgage gcggcaacac 2520
aatcctgtac ccgggaactt acaccctcac tcetcgacgag ceggeccagyg cgagegtgca 2580
gttegececte gagggcgage ccgtegtget cgacgagtgg cctgcegecge cgagtgccaa 2640
ctccaccgece agggggaggce acaggtaa 2668
<210> SEQ ID NO 13
<211> LENGTH: 845
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide
<400> SEQUENCE: 13
Met Lys Ala Ser Val Ser Cys Leu Val Gly Met Ser Ala Val Ala Tyr
1 5 10 15
Gly Leu Asp Gly Pro Phe Gln Thr Tyr Pro Asp Cys Thr Lys Pro Pro
20 25 30
Leu Ser Asp Ile Lys Val Cys Asp Arg Thr Leu Pro Glu Ala Glu Arg
35 40 45
Ala Ala Ala Leu Val Ala Ala Leu Thr Asp Glu Glu Lys Leu Gln Asn
50 55 60
Leu Val Ser Lys Ala Pro Gly Ala Pro Arg Ile Gly Leu Pro Ala Tyr
65 70 75 80
Asn Trp Trp Ser Glu Ala Leu His Gly Val Ala His Ala Pro Gly Thr
85 90 95
Gln Phe Arg Asp Gly Pro Gly Asp Phe Asn Ser Ala Thr Ser Phe Pro
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168

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ala

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala
515

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu
485

Ala

Glu

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn
470
Glu

Asp

Thr

105 110

Ala Ala Phe Asp Asp Glu Leu Ile Glu
120 125

Thr Glu Ala Arg Ala Phe Gly Asn Ala
135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Asn Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Leu Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu
480
Glu

Thr

Ala
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Ala Gln Leu Ala Leu Ile Ser Glu Leu Ala Arg Leu Gly Lys Pro Val
530 535 540

Val Val Val Gln Met Gly Asp Gln Leu Asp Asp Thr Pro Leu Phe Glu
545 550 555 560

Leu Asp Gly Val Gly Ala Val Leu Trp Ala Asn Tyr Pro Gly Gln Asp
565 570 575

Gly Gly Thr Ala Val Val Arg Leu Leu Ser Gly Ala Glu Ser Pro Ala
580 585 590

Gly Arg Leu Pro Val Thr Gln Tyr Pro Ala Asn Tyr Thr Asp Ala Val
595 600 605

Pro Leu Thr Asp Met Thr Leu Arg Pro Ser Ala Thr Asn Pro Gly Arg
610 615 620

Thr Tyr Arg Trp Tyr Pro Thr Pro Val Arg Pro Phe Gly Phe Gly Leu
625 630 635 640

His Tyr Thr Thr Phe Arg Ala Glu Phe Gly Pro His Pro Phe Phe Pro
645 650 655

Gly Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys
660 665 670

Ser Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg
675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Asp Gly
755 760 765

Asp Gly Asp Gly Asp Gly Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 14

<211> LENGTH: 2668

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 14

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag gtatgtatge ggagagagag aaacacacac acacgcgcegce 240
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gegcacacac

ctgacgtttt

gecegegtac

gttcegegac

ggcegecgee

cecgegecttt

ctteegggac

caagcgctac

ctgetectte

cggctatgac

ggcgcaggac

cgteggetec

gtacctcatg

caccagcgac

cgccgagggce

cteetecgac

cgcectgacy

geegcacgece

gegegetgee

getgeeggac

cttetgggec

gegetegece

cgtectggag

ggccgecgac

gaccaaggac

ggCgngCtC

cctettegag

cggcacggec

gacccagtac

gtcggegace

ctteggecte

dgcgggeaag

gcagcagcag

gatccgggac

gCtgangtg

cgtgtcgggc

dgcgcegegyay

taccgtcteg

aatcctgtac

gttcegeccte

acacacacac

ccetttgtet

aactggtgga

dggccggggy

ttcgacgacy

ggcaacgccyg

ceceegetgygy

geegecteca

ggatccggag

tttgaggact

ctggecgagt

gtcatgtgeyg

aacacgatcc

tgcgaggecg

accgegetet

atccegggeyg

cggcetgtace

tegetggget

gtcgagggca

gatgtcgttyg

gacgcccegyg

gcgagcegecy

ggagactcgg

gecgactaca

cggatgacga

ggcaagcccyg

ctggacgggg

gtggtccgge

cecggecaact

aacccgggec

cactatacca

ggcgatggeg

caacagcagc

ctgetecgeyg

cgcegtgacca

gagtacgggc

ctaaagggga

ctcgactgga

ccgggaactt

dagggcgage

acactctctce

ctgtgtecag

gegaggeget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

actacctgge

cctacaacge

tgcgcgggca

tcctegacgt

gettegagge

cctecgeegy

ggagcctggt

gggCCgant

tegtgetget

tcaccgctga

acaagctgtt

cceggeaget

acgaggagga

tegtetactt

thggtggCC

tegtggtgge

tgggCgCCgt

tgctcagegy

acaccgacgc

ggacctaccyg

cctteeggge

acggcgagga

agcagcagca

actgcgacaa

acgagggcga

cggegecgta

agggeggega

cegteggeaa

acaccctcac

cegtegtget

tctectetete

caaggcgeceg

gcacggggtyg

gtccacgteg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

geegttecag

cgtcaacggy

ctggaactgg

cteggeccac

cggcatggac

cggettectyg

gegggtegge

caaccggecc

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

dgcggegceayg

gcagatgggc

cctgtgggec

cgcegagage

ggtgccccty

ctggtacceg

cgagttegge

caagggcgag

dcgcagggcy

gacgtacccyg

gegegegtece

cccgatcaag

cggcgacggce

cctggecege

tctegacgag

cgacgagtgg

tcgegtacca tgggtgeegt

ggggcgccgce ggatcggcct

geccacgege ccgggacgca

ttcecgatge cgetgetgat

gacgtcatcg gcaccgagge

tggacccecca acgtcaacce

ggcgaggacyg tcegtgegect

cgttectect cctectecte

gegaccetgea agcactacge

gacttegacg ccgtcatcte

cagtgegege gcgactegeg

gtgcegtegt gegccaacte

accgagcacg acaactacgt

caccactacg ccgacaccaa

acgagctgeg agtacgaggyg

acctggeceyg cegtegaccey

tactttgacg gccccgagte

gaggcgcagg agcetggecct

aacgacacgce tgccgetgee

cgecegegteg ccatgategyg

agcggegege cccecttege

gtcacggteg ccggagggece

acggcgeegg ccegtcegagge

gacacgtcgg cggcgggcga

ctggegetca tcteggaget

gaccagcteg acgacacgcece

aactggcegg gccaggacgg

ceggeeggee gectgecegt

accgacatga ccctgegece

actccegtee ggeccttegy

ccccaccect tettecegygy

agcaagagcg agatcaggac

geggeggegyg ccaccacgec

gacacgtgce cgetgecegece

gactacgtgg tgctggectt

acgctggtet cgtacgegeg

gacggegacyg gcegccaccac

cacgacgagce gcggcaacac

ceggeccagg cgagcegtgea

cctgegeege cgagtgccaa

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640
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ctccaccgee agggggagge acaggtaa

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Gly

Leu

Ala

Leu

65

Asn

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu
305

Thr

Gly

Lys

Leu

Ser

Ala

50

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Ala

Ser

Ala

Asp

Asp

35

Ala

Ser

Trp

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ala

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Ser

Gly

20

Ile

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp
340

SEQ ID NO 15
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

845

15

Val

Pro

Lys

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe
325

Ile

Ser

Phe

Val

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Synthetic polypeptide

Cys

Gln

Cys

Ala

55

Gly

Leu

Gly

Ala

Thr

135

Trp

Ser

Ser

Ser

His

215

Asp

Ala

Cys

Leu

Asn
295
His

Ala

Gly

Leu

Thr

Asp

40

Leu

Ala

His

Asp

Ala

120

Glu

Thr

Glu

Met

Phe

200

Tyr

Phe

Pro

Ala

Met

280

Tyr

His

Gly

Ala

Val

Tyr

25

Arg

Thr

Pro

Gly

Phe

105

Phe

Ala

Pro

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr

265

Asn

Val

Tyr

Met

Ser
345

Gly

Pro

Thr

Asp

Arg

Val

90

Asn

Asp

Arg

Asn

Pro

170

Arg

Ser

Gly

Ala

Gln

250

Asn

Thr

Thr

Ala

Asp

330

Ala

Met

Asp

Leu

Glu

Ile

75

Ala

Ser

Asp

Ala

Val

155

Gly

Gly

Gly

Tyr

Val

235

Gln

Ala

Ile

Ser

Asp
315

Thr

Gly

Ser

Cys

Pro

Glu

60

Gly

His

Ser

Glu

Phe

140

Asn

Glu

Leu

Gly

Asp

220

Ile

Cys

Val

Leu

Asp

300

Thr

Ser

Gly

Ala

Thr

Glu

45

Lys

Leu

Ala

Thr

Leu

125

Gly

Pro

Asp

Glu

Glu

205

Phe

Ser

Ala

Asn

Arg

285

Cys

Asn

Cys

Phe

Val

Lys

30

Ala

Leu

Pro

Pro

Ser

110

Ile

Asn

Phe

Val

Gly

190

Pro

Glu

Ala

Arg

Gly

270

Gly

Glu

Ala

Glu

Leu
350

Ala

Pro

Glu

Gln

Ala

Gly

95

Phe

Glu

Ala

Arg

Val

175

Arg

Pro

Asp

Gln

Asp

255

Val

His

Ala

Glu

Tyr
335

Thr

Tyr

Pro

Arg

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly
320

Glu

Trp
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Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Asp

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr

755

Asp

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly
740

Ala

Gly

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu
725
Glu

Arg

Asp

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser

535

Asp

Val

Arg

Gln

Leu

615

Thr

Ala

Gly

Gln

Thr

695

Asp

Glu

Gly

Arg

Ala

Thr

360

Glu

Ala

Lys

Val

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Tyr

600

Arg

Pro

Glu

Asp

Gln

680

Thr

Thr

Arg

Pro

Gly
760

Thr

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gly

665

Gln

Pro

Cys

Ala

Ala
745

Leu

Thr

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly

650

Glu

Gln

Ile

Pro

Ser
730
Pro

Lys

Thr

Tyr

His

Leu

395

Asn

Asp

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro

635

Pro

Asp

Gln

Arg

Leu

715

Asp

Tyr

Gly

Val

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu

540

Thr

Trp

Ala

Tyr

Thr

620

Phe

His

Lys

Gln

Asp

700

Pro

Tyr

Pro

Lys

Ser

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Thr

605

Asn

Gly

Pro

Gly

Gln

685

Leu

Pro

Val

Ile

Gly
765

Leu

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser

590

Asp

Pro

Phe

Phe

Glu

670

Gln

Leu

Leu

Val

Lys
750

Gly

Asp

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln

575

Pro

Ala

Gly

Gly

Phe

655

Ser

Gln

Arg

Thr

Leu
735
Thr

Asp

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr
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-continued

178

770

Val Gly Asn
785

Pro Gly Thr

Gln Phe Ala

Pro Pro Ser
835

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Ala Arg His

775

790

Tyr Thr Leu Thr

805

Asp Glu Arg Gly

795

Leu Asp Glu Pro

810

Leu Glu Gly Glu Pro Val Val Leu

820

Ala Asn Ser Thr

D NO 16
H: 2668
DNA

840

825

Ala Arg Gly Arg

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 16

atgaaggcct

cctttecaga

cggacactge

aagctgcaaa

gegcacacac

ctgacgtttt

gecegegtac

gttcegegac

ggcegecgee

cecgegecttt

ctteegggac

caagcgctac

ctgetectte

cggctatgac

ggcgcaggac

cgteggetec

gtacctcatg

caccagcgac

cgccgagggce

cteetecgac

cgcectgacy

geegcacgece

gegegetgee

getgeeggac

cttetgggec

gegetegece

cgtectggag

ggccgecgac

ctgtatcatg

cctacceega

c¢cgaggcegga

acctggteag

acacacacac

ccetttgtet

aactggtgga

dggccggggy

ttcgacgacy

ggcaacgccyg

ceceegetgygy

geegecteca

ggatccggag

tttgaggact

ctggecgagt

gtcatgtgeyg

aacacgatcc

tgcgaggecg

accggectet

atccegggeyg

cggcetgtace

tegetggget

gtcgagggca

gatgtcgttyg

gacgcccegyg

gcgagcegecy

ggagactcgg

gecgactaca

cctegtegge

ctgcaccaag

gcgggeggcea

gtatgtatge

acactctctce

ctgtgtecag

gegaggeget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

actacctgge

cctacaacge

tgcgcgggca

tcctegacgt

gettegagge

cctecgeegy

ggagcctggt

gggCCgant

tegtgetget

tcaccgctga

acaagctgtt

cceggeaget

acgaggagga

tegtetactt

780

Asn Thr Ile Leu Tyr
800

Ala Gln Ala Ser Val
815

Asp Glu Trp Pro Ala
830

His Arg
845

ic polynucleotide

atgagcgeeg

ccececectgt

geectegtygyg

dgagagagag

tctectetete

caaggcgeceg

gcacggggtyg

gtccacgteg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

geegttecag

cgtcaacggy

ctggaactgg

cteggeccac

cggcatggac

cggettectyg

gegggtegge

caaccggecc

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

tggectacgg cctegatgge

ccgatattaa ggtgtgcgac

cagccctgac cgacgaggag

aaacacacac acacgcgcgce

tcgegtacca tgggtgeegt

ggggcgccgce ggatcggcct

geccacgege ccgggacgca

ttceccgatge cgattctgat

gacgtcatcg gcaccgagge

tggacccecca acgtcaacce

ggcgaggacyg tcegtgegect

cgttectect cctectecte

tcgacctgeca agcactacge

gacttegacg ccgtcatcte

cagtgegege gcgactegeg

gtgcegtegt gegccaacte

accgagcacg acaactacgt

caccactacg ccgacaccaa

acgagctgeg agtacgaggyg

acctggeceyg cegtegaccey

tactttgacg gccccgagte

gaggcgcagg agcetggecct

aacgacacgce tgccgetgee

cgecegegteg ccatgategyg

agcggegege cccecttege

gtcacggteg ccggagggece

acggcgeegg ccegtcegagge

gacacgtcgg cggcgggcga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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180

-continued
gaccaaggac cggatgacga tcgggtggee ggceggegcag ctggegetca tcteggaget 1740
ggcgeggete ggcaageceg tegtggtggt gcagatggge gaccageteg acgacacgec 1800
cctettegag ctggacgggg tgggcgecgt cctgtgggece aactatccgg gecaggacgg 1860
cggcacggee gtggteegge tgctcagegg cgecgagage ceggeeggee gectgecegt 1920
gacccagtac ccggccaact acaccgacge ggtgcccctg accgacatga ccctgegecc 1980
gtecggegace aaccegggee ggacctacceg ctggtacceg actccegtec ggeccttegg 2040
cttcggecte cactatacca cctteceggge cgagttegge ccecccacccecet tettecececggg 2100
ggcgggcaag ggcgatggeg acggcgagga caagggcgag agcaagageg agatcaggac 2160
gcagcagcag caacagcagce agcagcagca gcgcagggeg goeggeggegyg ccaccacged 2220
gatccgggac ctgctcegeg actgcgacaa gacgtacceg gacacgtgeco cgetgecgec 2280
gctgacggtyg cgcgtgacca acgagggcga gcgcgcgtec gactacgtgg tgctggectt 2340
cgtgteggge gagtacggge cggegecgta cccgatcaag acgetggtet cgtacgegeg 2400
ggcgegeggyg ctaaagggga agggcggcega cggcgacgge gacggcegacyg gegecaccac 2460
taccgtcteg ctegactgga cegteggeaa cctggeccge cacgacgage geggcaacac 2520
aatcctgtac ccgggaactt acaccctecac tctegacgag ceggeccagg cgagegtgca 2580
gttegeccte gagggcgage cegtcegtget cgacgagtgg cctgegecge cgagtgecaa 2640
ctccaccgece agggggaggce acaggtaa 2668

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 17
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 17

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Ile
115

Val Gly Asp
130

Trp Ser Gly
145

Pro Arg Trp

Leu Lys Arg

Ser Val Ser Cys Leu

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

135

Leu Asp Tyr Trp Thr
150

Gly Arg Gly Ser Glu

165

Tyr Ala Ala Ser Met

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile

Gly Val Ala
90

Phe Asn Ser
105

Phe Asp Asp

Ala Arg Ala

Pro Asn Val
155

Thr Pro Gly
170

Ile Arg Gly

Synthetic polypeptide

Ser Ala Val

Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ser Thr Ser
110

Glu Leu Ile
125

Phe Gly Asn
140
Asn Pro Phe

Glu Asp Val

Leu Glu Gly

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr
80

Gly Thr
95

Phe Pro

Glu Ala

Ala Gly

Arg Asp
160

Val Arg
175

Arg Ser
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181

-continued

182

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

Gly

Gly

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu
595

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala
580

Pro

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly
565

Val

Val

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly
550
Ala

Val

Thr

185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Tyr Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Tyr Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu
560
Asp

Ala

Val



US 9,476,077 B2
183 184

-continued

Pro Leu Thr Asp Met Thr Leu Arg Pro Ser Ala Thr Asn Pro Gly Arg
610 615 620

Thr Tyr Arg Trp Tyr Pro Thr Pro Val Arg Pro Phe Gly Phe Gly Leu
625 630 635 640

His Tyr Thr Thr Phe Arg Ala Glu Phe Gly Pro His Pro Phe Phe Pro
645 650 655

Gly Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys
660 665 670

Ser Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg
675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Asp Gly
755 760 765

Asp Gly Asp Gly Asp Gly Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 18

<211> LENGTH: 2668

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 18
atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag gtatgtatge ggagagagag aaacacacac acacgcgcegce 240
gegcacacac acacacacac acactctcete tetetetete tegegtacca tgggtgecgt 300
ctgacgtttt ccctttgtet ctgtgtecag caaggegeeg ggggegeege ggatceggect 360

gecegegtac aactggtgga gegaggeget gcacggggtg geccacgege ccgggacgea 420

gttcegegac gggceggggg acttcaacte gtccacgteg tteccgatge cgattcetgat 480
ggcegecgee ttegacgacg agctgatcega ggccgtegge gacgtcateg geaccgagge 540
cegegecttt ggcaacgeeg getggteegg cctegactac tggaccccca acgtcaaccce 600
ctteegggac cccegetggg gecgeggete cgagacgeeg ggcgaggacyg tegtgegect 660

caagcgctac gecgecteca tgatcegegg getegagggt cgttectect cctectecte 720
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186

-continued
ctgctectte ggatccggag gggagecgee gegegteate tegacctgca agcactacge 780
cggctatgac tttgaggact ggaacggecac gacgeggcac gacttegacg ccgtcatcte 840
ggcgcaggac ctggecgagt actacctgge gecegttecag cagtgegege gegactegeg 900
cgteggetee gtcatgtgeg cctacaacge cgtcaacggg gtgecgtegt gegcecaacte 960
gtacctcatg aacacgatcc tgcgcegggca ctggaactgg accgagcacyg acaactacgt 1020
caccagcgac tgcgaggecg tectegacgt cteggeccac caccactacg ccgacaccaa 1080
cgecegaggge accggectet gettegagge cggcatggac acgagetgeg agtacgaggg 1140
ctectecgac atccegggeg cctecgeegg cggettectg acctggeceg cegtegaceg 1200
cgeccctgacg cggctgtace ggagectggt gcgggtegge tactttgacg gecccgagtce 1260
gecgecacgee tcegetggget gggecgacgt caaccggece gaggcgcagyg agetggecct 1320
gegegetgee gtcegagggcea tegtgetget caagaacgac aacgacacgce tgecgetgec 1380
gctgecggac gatgtegttg tcaccgetga tggtggccge cgccgegtceg ccatgategg 1440
cttectgggece gacgcccegg acaagctgtt tggegggtac agcggcgcge cccccttege 1500
gegetegece gegagegeeg cecggcaget gggctggaac gtcacggteg ccggagggec 1560
cgtectggag ggagactegg acgaggagga ggacacgtgg acggegeegg ccegtcegagge 1620
ggccgecgac gecgactaca tegtctactt tggeggectg gacacgtegyg cggegggega 1680
gaccaaggac cggatgacga tcgggtggee ggceggegcag ctggegetca tcteggaget 1740
ggcgeggete ggcaageceg tegtggtggt gcagatggge gaccageteg acgacacgec 1800
cctettegag ctggacgggg tgggcgecgt cctgtgggece aactatccgg gecaggacgg 1860
cggcacggee gtggteegge tgctcagegg cgecgagage ceggeeggee gectgecegt 1920
gacccagtac ccggccaact acaccgacge ggtgcccctg accgacatga ccctgegecc 1980
gtecggegace aaccegggee ggacctacceg ctggtacceg actccegtec ggeccttegg 2040
cttcggecte cactatacca cctteceggge cgagttegge ccecccacccecet tettecececggg 2100
ggcgggcaag ggcgatggeg acggcgagga caagggcgag agcaagageg agatcaggac 2160
gcagcagcag caacagcagce agcagcagca gcgcagggeg goeggeggegyg ccaccacged 2220
gatccgggac ctgctcegeg actgcgacaa gacgtacceg gacacgtgeco cgetgecgec 2280
gctgacggtyg cgcgtgacca acgagggcga gcgcgcgtec gactacgtgg tgctggectt 2340
cgtgteggge gagtacggge cggegecgta cccgatcaag acgetggtet cgtacgegeg 2400
ggcgegeggyg ctaaagggga agggcggcega cggcgacgge gacggcegacyg gegecaccac 2460
taccgtcteg ctegactgga cegteggeaa cctggeccge cacgacgage geggcaacac 2520
aatcctgtac ccgggaactt acaccctecac tctegacgag ceggeccagg cgagegtgca 2580
gttegeccte gagggcgage cegtcegtget cgacgagtgg cctgegecge cgagtgecaa 2640
ctccaccgece agggggaggce acaggtaa 2668

<210> SEQ ID NO 19
<211> LENGTH: 845

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 19

Synthetic polypeptide

Met Lys Ala Ser Val Ser Cys Leu Val Gly Met Ser Ala Val Ala Tyr

1

5

10

15
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187

-continued

188

Gly

Leu

Ala

Leu

65

Asn

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Leu

Ser

Ala

50

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Asp

Asp

35

Ala

Ser

Trp

Arg

Ile

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Gly

Ile

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp
420

Pro

Lys

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val
405

Asp

Phe

Val

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Gln Thr Tyr Pro Asp Cys Thr Lys Pro
25 30

Cys Asp Arg Thr Leu Pro Glu Ala Glu
40 45

Ala Leu Thr Asp Glu Glu Lys Leu Gln
55 60

Gly Ala Pro Arg Ile Gly Leu Pro Ala
75

Leu His Gly Val Ala His Ala Pro Gly
Gly Asp Phe Asn Ser Ser Thr Ser Phe
105 110

Ala Ala Phe Asp Asp Glu Leu Ile Glu
120 125

Thr Glu Ala Arg Ala Phe Gly Asn Ala
135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Tyr Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Pro

Arg

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala
400

Leu

Arg



189

US 9,476,077 B2

-continued

190

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Pro

Gln

Pro

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly

770

Gly

Gly

Phe

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr

755

Asp

Asn

Thr

Ala

Ser
835

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly

740

Ala

Gly

Leu

Tyr

Leu
820

Ala

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu

725

Glu

Arg

Asp

Ala

Thr
805

Glu

Asn

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Gly

Arg

790

Leu

Gly

Ser

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser

535

Asp

Val

Arg

Gln

Leu

615

Thr

Ala

Gly

Gln

Thr

695

Asp

Glu

Gly

Arg

Ala

775

His

Thr

Glu

Thr

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Tyr

600

Arg

Pro

Glu

Asp

Gln

680

Thr

Thr

Arg

Pro

Gly

760

Thr

Asp

Leu

Pro

Ala
840

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gly

665

Gln

Pro

Cys

Ala

Ala

745

Leu

Thr

Glu

Asp

Val
825

Arg

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly

650

Glu

Gln

Ile

Pro

Ser

730

Pro

Lys

Thr

Arg

Glu
810

Val

Gly

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro

635

Pro

Asp

Gln

Arg

Leu

715

Asp

Tyr

Gly

Val

Gly

795

Pro

Leu

Arg

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu

540

Thr

Tyr

Ala

Tyr

Thr

620

Phe

His

Lys

Gln

Asp

700

Pro

Tyr

Pro

Lys

Ser

780

Asn

Ala

Asp

His

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Thr

605

Asn

Gly

Pro

Gly

Gln

685

Leu

Pro

Val

Ile

Gly

765

Leu

Thr

Gln

Glu

Arg
845

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser

590

Asp

Pro

Phe

Phe

Glu

670

Gln

Leu

Leu

Val

Lys

750

Gly

Asp

Ile

Ala

Trp
830

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln

575

Pro

Ala

Gly

Gly

Phe

655

Ser

Gln

Arg

Thr

Leu

735

Thr

Asp

Trp

Leu

Ser
815

Pro

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr

Tyr

800

Val

Ala
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192

<210> SEQ ID NO 20

<211> LENGTH: 2668

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 20

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac
cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag
aagctgcaaa acctggtcag gtatgtatge ggagagagag aaacacacac acacgcgcegce
gegcacacac acacacacac acactctcete tetetetete tegegtacca tgggtgecgt
ctgacgtttt ccctttgtet ctgtgtecag caaggegeeg ggggegeege ggatceggect
gecegegtac aactggtgga gegaggeget gcacggggtg geccacgege ccgggacgea
gttcegegace gggceggggg acttcaacte gtccacgteg tteccgatge cgetgetgat
ggcegecgee ttegacgacg agctgatcega ggccgtegge gacgtcateg geaccgagge
cegegecttt ggcaacgeeg getggteegg cctegactac tggaccccca acgtcaaccce
ctteegggac cccegetggg gecgeggete cgagacgeeg ggcgaggacyg tegtgegect
caagcgctac gecgecteca tgatcegegg getegagggt cgttectect cctectecte
ctgctectte ggatcecggag gggagecgee gegegteate gegacctgca agcactacge
cggctatgac tttgaggact ggaacggecac gacgeggcac gacttegacg ccgtcatcte
ggcgcaggac ctggecgagt actacctgge gecegttecag cagtgegege gegactegeg
cgteggetee gtcatgtgeg cctacaacge cgtcaacggg gtgecgtegt gegcecaacte
gtacctcctyg aacacgatcce tgcgegggca ctggaactgg accgagcacyg acaactacgt
caccagcgac tgcgaggecg tectegacgt cteggeccac caccactacg ccgacaccaa
cgecegaggge accggectet gettegagge cggcatggac acgagetgeg agtacgaggg
ctectecgac atccegggeg cctecgeegg cggettectg acctggeceg cegtegaceg
cgecectgacyg cggectgtace ggagectggt gegggtegge tactttgacg gecccgagte
gecgecacgee tcegetggget gggecgacgt caaccggece gaggcgcagyg agetggecct
gegegetgee gtcegagggcea tegtgetget caagaacgac aacgacacgce tgecgetgec
getgeeggace gatgtegttg tcaccgetga tggtggecge cgecgegteg ccatgategg
cttetgggee gacgeccegg acaagetgtt tggegggtac ageggegege cccccttege
gegetegece gegagegeeg cecggcaget gggctggaac gtcacggteg ccggagggec
cgtectggag ggagactegg acgaggagga ggacacgtgg acggegeegg ccegtcegagge
ggccgecgac gecgactaca tegtctactt tggeggectg gacacgtegyg cggegggega
gaccaaggac cggatgacga tcgggtggee ggceggegcag ctggegetca tcteggaget
ggcgeggete ggcaageceg tegtggtggt gcagatggge gaccageteg acgacacgec
cctettegag ctggacgggg tgggegeegt cctgtgggece aactatcegg gecaggacgg
cggcacggee gtggteegge tgctcagegg cgecgagage ceggeeggee gectgecegt
gacccagtac ccggccaact acaccgacge ggtgcccctg accgacatga ccctgegecc

gtecggegace aaccegggee ggacctacceg ctggtacceg actccegtec ggeccttegg

ctteggecte cactatacca cctteeggge cgagttegge ceccaccect tetteceggg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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194

ggcgggcaag
gcagcagcag
gatccgggac
gectgacggtyg
cgtgteggge
ggegegeggy
taccgtcteg
aatcctgtac
gttcegeccte
cteccaccgec
<210> SEQ I

<211> LENGT.
<212> TYPE:

ggcgatggeg

caacagcagc

ctgetecgeyg

cgcegtgacca

gagtacgggc

ctaaagggga

ctcgactgga

ccgggaactt

dagggcgage
agggggagge
D NO 21

H: 845
PRT

acggcgagga
agcagcagca
actgcgacaa
acgagggega
cggegecgta
agggcggega
cegteggeaa
acacccteac
cegtegtget

acaggtaa

caagggcgag

dcgcagggcy

gacgtacccyg

gegegegtece

cccgatcaag

cggcgacggce

cctggecege

tctegacgag

cgacgagtgg

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 21

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Leu
115

Val Gly Asp
130

Trp Ser Gly
145

Pro Arg Trp

Leu Lys Arg

Ser Ser Ser
195

Val Ile Ala
210

Asn Gly Thr
225

Leu Ala Glu

Arg Val Gly

Ser Val Ser Cys Leu

5

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

135

Leu Asp Tyr Trp Thr
150

Gly Arg Gly Ser Glu

165

Tyr Ala Ala Ser Met

180

Ser Ser Cys Ser Phe

200

Thr Cys Lys His Tyr

215

Thr Arg His Asp Phe
230

Tyr Tyr Leu Ala Pro

245

Ser Val Met Cys Ala

Val

Tyr

25

Arg

Thr

Pro

Gly

Phe

105

Phe

Ala

Pro

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr

Gly

10

Pro

Thr

Asp

Arg

Val

90

Asn

Asp

Arg

Asn

Pro

170

Arg

Ser

Gly

Ala

Gln
250

Asn

Met

Asp

Leu

Glu

Ile

75

Ala

Ser

Asp

Ala

Val

155

Gly

Gly

Gly

Tyr

Val
235

Gln

Ala

agcaagagcg agatcaggac

geggeggegyg ccaccacgec

gacacgtgce cgetgecegece

gactacgtgg tgctggectt

acgctggtet cgtacgegeg

gacggegacyg gcegccaccac

cacgacgagce gcggcaacac

ceggeccagg cgagcegtgea

cctgegeege cgagtgccaa

Synthetic polypeptide

Ser Ala Val Ala Tyr
15

Cys Thr Lys Pro Pro
30

Pro Glu Ala Glu Arg
45

Glu Lys Leu Gln Asn
60

Gly Leu Pro Ala Tyr
80

His Ala Pro Gly Thr
95

Ser Thr Ser Phe Pro
110

Glu Leu Ile Glu Ala
125

Phe Gly Asn Ala Gly
140

Asn Pro Phe Arg Asp
160

Glu Asp Val Val Arg
175

Leu Glu Gly Arg Ser
190

Gly Glu Pro Pro Arg
205

Asp Phe Glu Asp Trp
220

Ile Ser Ala Gln Asp
240

Cys Ala Arg Asp Ser
255

Val Asn Gly Val Pro

2160

2220

2280

2340

2400

2460

2520

2580

2640

2668
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195

-continued

196

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr
625

Gly

Ser

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile
675

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys
660

Arg

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe
645

Gly

Thr

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro
630
Arg

Asp

Gln

265 270

Leu Leu Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Tyr Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu
640
Pro

Lys

Arg
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-continued

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Asp Gly
755 760 765

Asp Gly Asp Gly Asp Gly Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 22

<211> LENGTH: 2668

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 22
atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag gtatgtatge ggagagagag aaacacacac acacgcgcegce 240
gegcacacac acacacacac acactctcete tetetetete tegegtacca tgggtgecgt 300
ctgacgtttt ccctttgtet ctgtgtecag caaggegeeg ggggegeege ggatceggect 360

gecegegtac aactggtgga gegaggeget gcacggggtg geccacgege ccgggacgea 420

gttcegegace gggceggggg acttcaacte gtccacgteg tteccgatge cgetgetgat 480
ggcegecgee ttegacgacg agctgatcega ggccgtegge gacgtcateg geaccgagge 540
cegegecttt ggcaacgeeg getggteegg cctegactac tggaccccca acgtcaaccce 600
ctteegggac cccegetggg gecgeggete cgagacgeeg ggcgaggacyg tegtgegect 660
caagcgctac gecgecteca tgatcegegg getegagggt cgttectect cctectecte 720
ctgctectte ggatccggag gggagecgee gegegteate tegacctgca agcactacge 780
cggctatgac tttgaggact ggaacggecac gacgeggcac gacttegacg ccgtcatcte 840
ggcgcaggac ctggecgagt actacctgge gecegttecag cagtgegege gegactegeg 900
cgteggetee gtcatgtgeg cctacaacge cgtcaacggg gtgecgtegt gegcecaacte 960

gtacctcatg aacacgatcc tgcgcegggca ctggaactgg accgagcacyg acaactacgt 1020

caccagcgac tgcgaggecg tectegacgt cteggeccac caccactacg ccgacaccaa 1080

cgecegaggge accgegetet gettegagge cggcatggac acgagetgeg agtacgaggg 1140
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200

-continued
ctectecgac atccegggeg cctecgeegg cggettectg acctggeceg cegtegaceg 1200
cgeccctgacg cggctgtace ggagectggt gcgggtegge tactttgacg gecccgagtce 1260
gecgecacgee tcegetggget gggecgacgt caaccggece gaggcgcagyg agetggecct 1320
gegegetgee gtcegagggcea tegtgetget caagaacgac aacgacacgce tgecgetgec 1380
gctgecggac gatgtegttg tcaccgetga tggtggccge cgccgegtceg ccatgategg 1440
cttectgggece gacgcccegg acaagctgtt tggegggtac agcggcgcge cccccttege 1500
gegetegece gegagegeeg cecggcaget gggctggaac gtcacggteg ccggagggec 1560
cgtectggag ggagactegg acgaggagga ggacacgtgg acggegeegg ccegtcegagge 1620
ggccgecgac gecgactaca tegtctactt tggeggectg gacacgtegyg cggegggega 1680
gaccaaggac cggatgacga tcgggtggee ggceggegcag ctggegetca tcteggaget 1740
ggcgeggete ggcaageceg tegtggtggt gcagatggge gaccageteg acgacacgec 1800
cctettegag ctggacgggg tgggcgecgt cctgtgggece aactatccgg gecaggacgg 1860
cggcacggee gtggteegge tgctcagegg cgecgagage ceggeeggee gectgecegt 1920
gacccagtac ccggccaact acaccgacge ggtgcccctg accgacatga ccctgegecc 1980
gtecggegace aaccegggee ggacctacceg ctggtacceg actccegtec ggeccttegg 2040
cttcggecte cactatacca cctteceggge cgagttegge ccecccacccecet tettecececggg 2100
ggcgggcaag ggcgatggeg acggcgagga caagggcgag agcaagageg agatcaggac 2160
gcagcagcag caacagcagce agcagcagca gcgcagggeg goeggeggegyg ccaccacged 2220
gatccgggac ctgctcegeg actgcgacaa gacgtacceg gacacgtgeco cgetgecgec 2280
gctgacggtyg cgcgtgacca acgagggcga gcgcgcgtec gactacgtgg tgctggectt 2340
cgtgteggge gagtacggge cggegecgta cccgatcaag acgetggtet cgtacgegeg 2400
ggcgegeggyg ctaaagggga agggcggcega cggcgacgge gacggcegacyg gegecaccac 2460
taccgtcteg ctegactgga cegteggeaa cctggeccge cacgacgage geggcaacac 2520
aatcctgtac ccgggaactt acaccctecac tctegacgag ceggeccagg cgagegtgca 2580
gttegeccte gagggcgage cegtcegtget cgacgagtgg cctgegecge cgagtgecaa 2640
ctccaccgece agggggaggce acaggtaa 2668

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 23
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

Met Lys Ala
1

Gly Leu Asp
Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

RE:

NCE: 23

Ser Val Ser Cys Leu

5

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Val

Tyr

25

Arg

Thr

Pro

Gly

Gly

10

Pro

Thr

Asp

Arg

Val
90

Met

Asp

Leu

Glu

Ile

75

Ala

Synthetic polypeptide

Ser Ala Val

Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr

80

Gly Thr
95
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201

-continued

202

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly
Arg
465

Gly

Ala

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Ala

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp
500

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu
485

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn
470

Glu

Asp

Gly Asp Phe Asn Ser Ser Thr Ser Phe
105 110

Ala Ala Phe Asp Asp Glu Leu Ile Glu
120 125

Thr Glu Ala Arg Ala Phe Gly Asn Ala
135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Tyr Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu
480

Glu

Thr
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-continued

204

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Pro

Gln

Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge

cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly

770

Gly

Gly

Phe

Pro

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr

755

Asp

Asn

Thr

Ala

Ser
835

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly

740

Ala

Gly

Leu

Tyr

Leu

820

Ala

SEQUENCE :

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu

725

Glu

Arg

Asp

Ala

Thr

805

Glu

Asn

SEQ ID NO 24
LENGTH:
TYPE: DNA
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

2535

24

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Gly

Arg

790

Leu

Gly

Ser

Lys

Ser

535

Asp

Val

Arg

Gln

Leu

615

Thr

Ala

Gly

Gln

Thr

695

Asp

Glu

Gly

Arg

Ala

775

His

Thr

Glu

Thr

Asp

520

Glu

Gln

Leu

Leu

Tyr

600

Arg

Pro

Glu

Asp

Gln

680

Thr

Thr

Arg

Pro

Gly

760

Thr

Asp

Leu

Pro

Ala
840

Arg

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gly

665

Gln

Pro

Cys

Ala

Ala

745

Leu

Thr

Glu

Asp

Val

825

Arg

Synthetic

Met

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly

650

Glu

Gln

Ile

Pro

Ser

730

Pro

Lys

Thr

Arg

Glu

810

Val

Gly

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro

635

Pro

Asp

Gln

Arg

Leu

715

Asp

Tyr

Gly

Val

Gly

795

Pro

Leu

Arg

Ile

Leu

540

Thr

Tyr

Ala

Tyr

Thr

620

Phe

His

Lys

Gln

Asp

700

Pro

Tyr

Pro

Lys

Ser

780

Asn

Ala

Asp

His

Gly

525

Gly

Pro

Pro

Glu

Thr

605

Asn

Gly

Pro

Gly

Gln

685

Leu

Pro

Val

Ile

Gly

765

Leu

Thr

Gln

Glu

Arg
845

polynucleotide

Trp

Lys

Leu

Gly

Ser

590

Asp

Pro

Phe

Phe

Glu

670

Gln

Leu

Leu

Val

Lys

750

Gly

Asp

Ile

Ala

Trp
830

Pro

Pro

Phe

Gln

575

Pro

Ala

Gly

Gly

Phe

655

Ser

Gln

Arg

Thr

Leu

735

Thr

Asp

Trp

Leu

Ser

815

Pro

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr

Tyr

800

Val

Ala
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206

aagctgcaaa

aactggtgga

dggecggggy

ttcgacgacyg

ggcaacgccyg

cceegetgygy

gecgecteca

ggatccggag

tttgaggact

ctggecgagt

gtcatgtgeyg

aacacgatcc

tgcgaggecg

accggectet

atccegggeyg

cggetgtace

tegetggget

gtcgagggca

gatgtecgttyg

gacgcccegyg

gcgagcegecy

ggagactcgg

gecgactaca

cggatgacga

ggcaagcccyg

ctggacgggg

gtggtccgge

cecggecaact

aaccegggec

cactatacca

ggcgatggeg

caacagcagc

ctgeteegeg

cgegtgacca

gagtacgggc

ctaaagggga

ctcgactgga

ccgggaactt

dagggcegage

agggggagge

acctggteag

gegaggceget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

actacctgge

cctacaacge

tgcgcgggca

tcctegacgt

gettegagge

ccteegeagy

ggagcctggt

gggCCgant

tegtgetget

tcaccgetga

acaagctgtt

cceggeaget

acgaggagga

tegtetactt

thggtggCC

tegtggtgge

tgggCgCCgt

tgctcagegy

acaccgacgce

ggacctaccyg

cctteeggge

acggcgagga

agcagcagca

actgcgacaa

acgagggcga

cggegecgta

agggeggega

cegteggeaa

acaccctcac

cegtegtget

acagg

caaggcgecg

gcacggggtyg

gtccacgteyg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegeatcate

gacgcggcac

geegttecag

cgtcaacggyg

ctggaactgg

cteggeccac

cggcatggac

cggettectyg

gegggtegge

caaccggecec

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

dgcggegeayg

gcagatgggc

cctgtgggec

cgcegagage

ggtgccecty

ctggtacceg

cgagttegge

caagggcgag

dcgcagggceyg

gacgtacccyg

gegegegtee

cccgatcaag

cggcgacggc

cctggecege

tctegacgag

cgacgagtgg

dgggegecge

geccacgege

ttceccgatge

gacgtcatcyg

tggaccceca

dgcgaggacyg

cgttectect

tcgacctgea

gacttcgacyg

cagtgegege

gtgcegtegt

accgagcacyg

caccactacg

acgagcetgeg

acctggeceeyg

tactttgacg

gaggcgeagy

aacgacacgc

cgecegegteg

ageggegege

gtcacggteyg

acggcgcecgg

gacacgtegg

ctggegetea

gaccagcteg

aactggcegyg

ceggeegged

accgacatga

actccegtec

ccccacccect

agcaagagcg

gcggeggcgy

gacacgtgce

gactacgtgg

acgctggtet

gacggcgacg

cacgacgagc

ceggeccagyg

cctgegecge

ggatcggect gcccgegtac

ccgggacgca gttecegegac

cgctgetgat ggecgecgece

gcaccgagge ccgegecttt

acgtcaacce cttecegggac

tcgtgegect caagegetac

cctectecte ctgetectte

agcactacgce cggcaacgac

cegtcatete ggcegcaggac

gegactegeg cgteggetece

gegecaacte gtacctcatg

acaactacgt caccagcgac

ccgacaccaa cgccgaggyge

agtacgaggg ctcctecgac

cegtegaceyg cgecctgacyg

gececgagte gecgecacgece

agctggeect gegegetgee

tgcegetgee getgecggac

ccatgategg cttetgggece

ccececttege gegetegece

ceggagggee cgtectggag

cegtegagge ggccgecgac

cggegggcega gaccaaggac

tcteggaget ggcegeggete

acgacacgcce cctettegag

gecaggacgg cggcacggece

gectgecegt gacccagtac

cecctgegece gteggegace

ggcecttegyg ctteggecte

tetteceggy ggcgggcaayg

agatcaggac gcagcagcag

ccaccacgee gatccgggac

cgectgecgee getgacggty

tgctggectt cgtgteggge

cgtacgegeg ggcgegeggy

gegecaccac taccgteteg

geggcaacac aatcctgtac

cgagegtgca gttegeccte

cgagtgccaa ctccaccgec

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2535
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-continued

208

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Gly

Leu

Ala

Leu

65

Asn

Gln

Met

Trp

145

Pro

Leu

Ser

Ile

Asn

225

Leu

Arg

Ser

Asn

Leu
305
Thr

Gly

Pro

Lys

Leu

Ser

Ala

50

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Ala

Asp

Asp

35

Ala

Ser

Trp

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val
355

Ser

Gly

20

Ile

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

SEQ ID NO 25
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

845

25

Val

5

Pro

Lys

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe
325

Ile

Arg

Ser

Phe

Val

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Synthetic polypeptide

Cys

Gln

Cys

Ala

55

Gly

Leu

Gly

Ala

Thr

135

Trp

Ser

Ser

Ser

His

215

Asp

Ala

Cys

Leu

Asn

295

His

Ala

Gly

Leu

Leu

Thr

Asp

40

Leu

Ala

His

Asp

Ala

120

Glu

Thr

Glu

Met

Phe

200

Tyr

Phe

Pro

Ala

Met

280

Tyr

His

Gly

Ala

Thr
360

Val

Tyr

25

Arg

Thr

Pro

Gly

Phe

105

Phe

Ala

Pro

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr

265

Asn

Val

Tyr

Met

Ser
345

Arg

Gly

Pro

Thr

Asp

Arg

Val

90

Asn

Asp

Arg

Asn

Pro

170

Arg

Ser

Gly

Ala

Gln

250

Asn

Thr

Thr

Ala

Asp
330

Ala

Leu

Met

Asp

Leu

Glu

Ile

Ala

Ser

Asp

Ala

Val

155

Gly

Gly

Gly

Asn

Val

235

Gln

Ala

Ile

Ser

Asp
315
Thr

Gly

Tyr

Ser

Cys

Pro

Glu

60

Gly

His

Ser

Glu

Phe

140

Asn

Glu

Leu

Gly

Asp

220

Ile

Cys

Val

Leu

Asp

300

Thr

Ser

Gly

Arg

Ala

Thr

Glu

45

Lys

Leu

Ala

Thr

Leu

125

Gly

Pro

Asp

Glu

Glu

205

Phe

Ser

Ala

Asn

Arg

285

Cys

Asn

Cys

Phe

Ser
365

Val

Lys

30

Ala

Leu

Pro

Pro

Ser

110

Ile

Asn

Phe

Val

Gly

190

Pro

Glu

Ala

Arg

Gly

270

Gly

Glu

Ala

Glu

Leu
350

Leu

Ala

Pro

Glu

Gln

Ala

Gly

95

Phe

Glu

Ala

Arg

Val

175

Arg

Pro

Asp

Gln

Asp

255

Val

His

Ala

Glu

Tyr
335

Thr

Val

Tyr

Pro

Arg

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly
320
Glu

Trp

Arg
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209

-continued

210

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly
770

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr
755

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly
740

Ala

Gly

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu
725
Glu

Arg

Asp

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Val

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Thr Thr Pro Ile Arg Asp Leu Leu Arg
695 700

Asp Thr Cys Pro Leu Pro Pro Leu Thr
715

Glu Arg Ala Ser Asp Tyr Val Val Leu
730 735

Gly Pro Ala Pro Tyr Pro Ile Lys Thr
745 750

Arg Gly Leu Lys Gly Lys Gly Gly Thr
760 765

Ala Thr Thr Thr Val Ser Leu Asp Trp
775 780

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr



211

US 9,476,077 B2

-continued

212

Val Gly Asn
785

Pro Gly Thr

Gln Phe Ala

Pro Pro Ser
835

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Ala Arg His Asp Glu Arg Gly
790

Tyr Thr Leu Thr Leu Asp

805

Leu Glu Gly Glu Pro Val

820

795

810

825

Ala Asn Ser Thr Ala Arg Gly Arg

D NO 26
H: 2535
DNA

840

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 26

atgaaggcct

cctttecaga

cggacactge

aagctgcaaa

aactggtgga

dggecggggy

ttcgacgacyg

ggcaacgccyg

cceegetgygy

gecgecteca

ggatccggag

tttgaggact

ctggecgagt

gtcatgtgeyg

aacacgatcc

tgcgaggecg

accggectet

atccegggeyg

cggetgtace

tegetggget

gtcgagggca

gatgtecgttyg

gacgcccegyg

gcgagcegecy

ggagactcgg

gecgactaca

cggatgacga

ggcaagcccyg

ctggacgggg

ctgtatcatg

cctacceega

c¢cgaggcegga

acctggteag

gegaggceget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

actacctgge

cctacaacge

tgcgcgggca

tcctegacgt

gettegagge

ccteegeagy

ggagcctggt

gggCCgant

tegtgetget

tcaccgetga

acaagctgtt

cceggeaget

acgaggagga

tegtetactt

thggtggCC

tegtggtgge

tgggCgCCgt

cctegtegge

ctgcaccaag

gcgggeggcea

caaggcgecg

gcacggggtyg

gtccacgteyg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

geegttecag

cgtcaacggyg

ctggaactgg

cteggeccac

cggcatggac

cggettectyg

gegggtegge

caaccggecec

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

dgcggegeayg

gcagatgggc

cctgtgggec

Asn Thr Ile

830

His Arg
845

ic polynucleotide

atgagcgeeg

ccececectgt

geectegtygyg

dgggegecge

geccacgege

ttceccgatge

gacgtcatcyg

tggaccceca

dgcgaggacyg

cgttectect

gccacctgea

gacttcgacyg

cagtgegege

gtgcegtegt

accgagcacyg

caccactacg

acgagcetgeg

acctggeceeyg

tactttgacg

gaggcgeagy

aacgacacgc

cgecegegteg

ageggegege

gtcacggteyg

acggcgcecgg

gacacgtegg

ctggegetea

gaccagcteg

aactggcegyg

tggcctacgyg

ccgatattaa

cagccctgac

ggatcggect

ccgggacgcea

cgectgetgat

gcaccgagge

acgtcaacce

tegtgegect

cctectecte

agcactacge

cecgteatcete

gegactegeg

gegecaacte

acaactacgt

ccgacaccaa

agtacgaggg

cegtegacey

gececgagte

agctggeect

tgcecgetgee

ccatgategyg

ccececttege

ccggagggcec

cegtegagge

¢ggcgggega

tcteggaget

acgacacgcc

gccaggacgg

Leu Tyr
800

Glu Pro Ala Gln Ala Ser Val

815

Val Leu Asp Glu Trp Pro Ala

cctegatgge

ggtgtgcgac

c¢gacgaggag

gecegegtac

gttecgegac

ggcegecgece

cegegecttt

cttecegggac

caagcgctac

ctgcetectte

cggcaacgac

ggcgcaggac

cgteggetee

gtacctcatg

caccagcgac

cgccgagggce

ctecctecgac

cgcectgacy

geegecacgece

gegegetgece

getgeeggac

cttetgggece

gegetegece

cgtectggag

ggcegecgac

gaccaaggac

ggCgngCtC

cctettegag

cggcacggec

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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214

-continued
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 27
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 27

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Leu
115

Val Gly Asp
130

Trp Ser Gly
145

Pro Arg Trp

Leu Lys Arg

Ser Ser Ser

195

Val Ile Ala

Ser Val Ser Cys Leu

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

135

Leu Asp Tyr Trp Thr
150

Gly Arg Gly Ser Glu

165

Tyr Ala Ala Ser Met

180

Ser Ser Cys Ser Phe

200

Thr Cys Lys His Tyr

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile
75

Gly Val Ala
90

Phe Asn Ser
105

Phe Asp Asp

Ala Arg Ala

Pro Asn Val
155

Thr Pro Gly
170

Ile Arg Gly
185

Gly Ser Gly

Ala Gly Asn

Synthetic polypeptide

Ser Ala Val
Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ser Thr Ser
110

Glu Leu Ile
125

Phe Gly Asn
140

Asn Pro Phe

Glu Asp Val

Leu Glu Gly
190

Gly Glu Pro
205

Asp Phe Glu

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr

80

Gly Thr
95

Phe Pro

Glu Ala

Ala Gly

Arg Asp

160
Val Arg
175
Arg Ser

Pro Arg

Asp Trp
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215

-continued

216

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr
625

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu
610

Tyr

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu
595

Thr

Arg

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala
580
Pro

Asp

Trp

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro
630

215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu
640
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217 218

-continued

His Tyr Thr Thr Phe Arg Ala Glu Phe Gly Pro His Pro Phe Phe Pro
645 650 655

Gly Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys
660 665 670

Ser Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg
675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Thr Gly
755 760 765

Ala Gly Asp Gly Asp Val Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 28

<211> LENGTH: 2535

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 28

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag caaggegecg ggggegecge ggatcggect geccgegtac 240

aactggtgga gcgaggeget geacggggtyg geccacgege cegggacgca gtteegegac 300

gggceggggyg acttcaactce gtccacgteg tteccgatge cgetgetgat ggecgecgec 360
ttcgacgacyg agctgatcga ggcegtegge gacgtcateg gecaccgagge ccgegecttt 420
ggcaacgceceg getggtecegg cectegactac tggaccccca acgtcaaccce ctteegggac 480
cceegetggyg gecegeggete cgagacgecg ggegaggacg tegtgegect caagegetac 540
gecgecteca tgatccegegg getegagggt cgttectect cctectecte ctgetectte 600
ggatccggag gggagcecgee gegegtcate gecacctgea agcactacge cggctacgac 660
tttgaggact ggaacggcac gacgcggeac gacttecgacg cegtcatcte ggegcaggac 720
ctggccgagt actacctgge gecgttecag cagtgegege gegactegeg cgteggetcece 780
gtcatgtgceg cctacaacge cgtcaacggyg gtgcegtegt gegecaactce gtacctecatg 840

aacacgatce tgcgegggea ctggaactgg accgagecacg acaactacgt caccagcgac 900
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220

-continued
tgcgaggeceg tcctegacgt cteggeccac caccactacg cegacaccaa cgecgaggge 960
accggectet gettegagge cggcatggac acgagetgeg agtacgaggg ctectcecgac 1020
atccegggeg ccteegeegg cggettectyg acctggeceg cegtegaceg cgecctgacg 1080
cggctgtace ggagcctggt gegggtegge tactttgacg geccccgagte gecgcacgcece 1140
tegetggget gggecgacgt caaccggece gaggegeagg agetggeect gegegetgece 1200
gtcgagggca tcegtgctget caagaacgac aacgacacge tgecgetgeco getgecggac 1260
gatgtcgttyg tcaccgectga tggtggecge cgccgegteg ccatgatcgg cttetgggece 1320
gacgcceegg acaagcetgtt tggegggtac ageggegege cecccttege gegetegecc 1380
gegagegeceg cceggcaget gggetggaac gtcacggteg ceggagggeco cgtectggag 1440
ggagactcgg acgaggagga ggacacgtgg acggcegccgg cegtegagge ggecgecgac 1500
gecgactaca tcgtctactt tggeggectyg gacacgtegg cggcegggcega gaccaaggac 1560
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete 1620
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag 1680
ctggacgggyg tgggegecgt cctgtgggee aactggecgg gecaggacgg cggcacggec 1740
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ ID NO 29
<211> LENGTH: 845

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 29

Met Lys Ala Ser Val

1

5

Ser Cys Leu

Gly Leu Asp Gly Pro Phe Gln Thr

Leu Ser Asp Ile Lys

35

Ala Ala Ala Leu Val

50

20

Val Cys Asp

40

Ala Ala Leu

55

Val Gly Met
10
Tyr Pro Asp

Arg Thr Leu

Thr Asp Glu

Synthetic polypeptide

Ser Ala Val
Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Ala Tyr
15
Pro Pro

Glu Arg

Gln Asn
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-continued

222

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg
465

Gly

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr
450

Gln

Asp

Ser

Trp

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ala

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met
435
Ser

Leu

Ser

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn
470

Glu

Gly

Leu

Gly

Ala

Thr

135

Trp

Ser

Ser

Ser

His

215

Asp

Ala

Cys

Leu

Asn

295

His

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro
455

Val

Glu

Ala

His

Asp

Ala

120

Glu

Thr

Glu

Met

Phe

200

Tyr

Phe

Pro

Ala

Met

280

Tyr

His

Gly

Ala

Thr

360

Glu

Ala

Lys

Val

Ala
440
Phe

Thr

Asp

Pro

Gly

Phe

105

Phe

Ala

Pro

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr

265

Asn

Val

Tyr

Met

Ser

345

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Arg

Val

90

Asn

Asp

Arg

Asn

Pro

170

Arg

Ser

Gly

Ala

Gln

250

Asn

Thr

Thr

Ala

Asp

330

Ala

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

Ile

Ala

Ser

Asp

Ala

Val

155

Gly

Gly

Gly

Tyr

Val

235

Gln

Ala

Ile

Ser

Asp

315

Thr

Gly

Tyr

His

Leu

395

Asn

Asp

Pro

Ser

Gly
475

Thr

Gly Leu Pro

His

Ser

Glu

Phe

140

Asn

Glu

Leu

Gly

Asp

220

Ile

Cys

Val

Leu

Asp

300

Thr

Ser

Gly

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro
460

Gly

Ala

Ala

Thr

Leu

125

Gly

Pro

Asp

Glu

Glu

205

Phe

Ser

Ala

Asn

Arg

285

Cys

Asn

Cys

Phe

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Pro

Ser

110

Ile

Asn

Phe

Val

Gly

190

Pro

Glu

Ala

Arg

Gly

270

Gly

Glu

Ala

Glu

Leu

350

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Ala

Gly

95

Phe

Glu

Ala

Arg

Val

175

Arg

Pro

Asp

Gln

Asp

255

Val

His

Ala

Glu

Tyr

335

Thr

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu
480

Glu
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223

-continued

224

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Ala

785

Pro

Gln

Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly

770

Gly

Gly

Phe

Pro

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr

755

Asp

Asn

Thr

Ala

Ser
835

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly

740

Ala

Gly

Leu

Tyr

Leu

820

Ala

SEQUENCE :

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu

725

Glu

Arg

Asp

Ala

Thr

805

Glu

Asn

SEQ ID NO 30
LENGTH:
TYPE: DNA
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Synthetic polynucleotide

2535

30

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Val

Arg

790

Leu

Gly

Ser

490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Thr Thr Pro Ile Arg Asp Leu Leu Arg
695 700

Asp Thr Cys Pro Leu Pro Pro Leu Thr
715

Glu Arg Ala Ser Asp Tyr Val Val Leu
730 735

Gly Pro Ala Pro Tyr Pro Ile Lys Thr
745 750

Arg Gly Leu Lys Gly Lys Gly Gly Thr
760 765

Ala Thr Thr Thr Val Ser Leu Asp Trp
775 780

His Asp Glu Arg Gly Asn Thr Ile Leu
795

Thr Leu Asp Glu Pro Ala Gln Ala Ser
810 815

Glu Pro Val Val Leu Asp Glu Trp Pro
825 830

Thr Ala Arg Gly Arg His Arg
840 845

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr

Tyr

800

Val

Ala
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226

-continued
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120
cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180
aagctgcaaa acctggtcag caaggegecg ggggegecge ggatcggect geccgegtac 240
aactggtgga gcgaggeget geacggggtyg geccacgege cegggacgca gtteegegac 300
gggceggggyg acttcaacte ggccacgteg tteccgatge cgetgetgat ggecgecgec 360
ttcgacgacyg agctgatcga ggcegtegge gacgtcateg gecaccgagge ccgegecttt 420
ggcaacgceceg getggtecegg cectegactac tggaccccca acgtcaaccce ctteegggac 480
cceegetggyg gecegeggete cgagacgecg ggegaggacg tegtgegect caagegetac 540
gecgecteca tgatccegegg getegagggt cgttectect cctectecte ctgetectte 600
ggatccggag gggagcecgee gegegtcate gecacctgea agcactacge cggcaacgac 660
tttgaggact ggaacggcac gacgcggeac gacttecgacg cegtcatcte ggegcaggac 720
ctggccgagt actacctgge gecgttecag cagtgegege gegactegeg cgteggetcece 780
gtcatgtgeg cctacaacge cgtcaacggyg gtgccegtegt gegecaactce gtacctectce 840
aacacgatce tgcgegggea ctggaactgg accgagecacg acaactacgt caccagcgac 900
tgcgaggeceg tcctegacgt cteggeccac caccactacg cegacaccaa cgecgaggge 960
accggectet gettegagge cggcatggac acgagetgeg agtacgaggg ctectcecgac 1020
atccegggeg ccteegeegg cggettectyg acctggeceg cegtegaceg cgecctgacg 1080
cggctgtace ggagcctggt gegggtegge tactttgacg geccccgagte gecgcacgcece 1140
tegetggget gggecgacgt caaccggece gaggegeagg agetggeect gegegetgece 1200
gtcgagggca tcegtgctget caagaacgac aacgacacge tgecgetgeco getgecggac 1260
gatgtcgttyg tcaccgectga tggtggecge cgccgegteg ccatgatcgg cttetgggece 1320
gacgcceegg acaagcetgtt tggegggtac ageggegege cecccttege gegetegecc 1380
gegagegeceg cceggcaget gggetggaac gtcacggteg ceggagggeco cgtectggag 1440
ggagactcgg acgaggagga ggacacgtgg acggcegccgg cegtegagge ggecgecgac 1500
gecgactaca tcgtctactt tggeggectyg gacacgtegg cggcegggcega gaccaaggac 1560
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete 1620
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag 1680
ctggacgggyg tgggegecgt cctgtgggee aactggecgg gecaggacgg cggcacggec 1740
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ataaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
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228

ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte

gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec

agggggagge acagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met

1

Gly

Leu

Ala

Leu

65

Asn

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu
305

Thr

Lys

Leu

Ser

Ala

50

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ala

Asp

Asp

35

Ala

Ser

Trp

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ala

Thr

Glu

Gly

Ala
275
Thr

Val

Leu

PRT

SEQUENCE :

Ser

Gly

20

Ile

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

SEQ ID NO 31
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

845

31

Val

Pro

Lys

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe
325

Ser

Phe

Val

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Synthetic polypeptide

Cys

Gln

Cys

Ala

55

Gly

Leu

Gly

Ala

Thr

135

Trp

Ser

Ser

Ser

His

215

Asp

Ala

Cys

Leu

Asn
295

His

Ala

Leu

Thr

Asp

40

Leu

Ala

His

Asp

Ala

120

Glu

Thr

Glu

Met

Phe

200

Tyr

Phe

Pro

Ala

Leu
280
Tyr

His

Gly

Val

Tyr

25

Arg

Thr

Pro

Gly

Phe

105

Phe

Ala

Pro

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr

265

Asn

Val

Tyr

Met

Gly

10

Pro

Thr

Asp

Arg

Val

90

Asn

Asp

Arg

Asn

Pro

170

Arg

Ser

Gly

Ala

Gln

250

Asn

Thr

Thr

Ala

Asp
330

Met

Asp

Leu

Glu

Ile

75

Ala

Ser

Asp

Ala

Val

155

Gly

Gly

Gly

Asn

Val

235

Gln

Ala

Ile

Ser

Asp

315

Thr

Ser

Cys

Pro

Glu

60

Gly

His

Ala

Glu

Phe

140

Asn

Glu

Leu

Gly

Asp

220

Ile

Cys

Val

Leu

Asp
300

Thr

Ser

Ala

Thr

Glu

45

Lys

Leu

Ala

Thr

Leu

125

Gly

Pro

Asp

Glu

Glu

205

Phe

Ser

Ala

Asn

Arg

285

Cys

Asn

Cys

Val

Lys

30

Ala

Leu

Pro

Pro

Ser

110

Ile

Asn

Phe

Val

Gly

190

Pro

Glu

Ala

Arg

Gly

270

Gly

Glu

Ala

Glu

Ala

15

Pro

Glu

Gln

Ala

Gly

95

Phe

Glu

Ala

Arg

Val

175

Arg

Pro

Asp

Gln

Asp

255

Val

His

Ala

Glu

Tyr
335

Tyr

Pro

Arg

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

2460

2520

2535
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230

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly
740

Ala

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu
725

Glu

Arg

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro
710
Gly

Tyr

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser

535

Asp

Val

Arg

Gln

Leu

615

Thr

Ala

Gly

Gln

Thr

695

Asp

Glu

Gly

Arg

Ala

Thr

360

Glu

Ala

Lys

Val

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Tyr

600

Arg

Pro

Glu

Asp

Gln

680

Thr

Thr

Arg

Pro

Gly

Ser

345

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gly

665

Gln

Pro

Cys

Ala

Ala
745

Ile

Ala

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly

650

Glu

Gln

Ile

Pro

Ser
730

Pro

Lys

Gly

Tyr

His

Leu

395

Asn

Asp

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro

635

Pro

Asp

Gln

Arg

Leu
715
Asp

Tyr

Gly

Gly

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu

540

Thr

Trp

Ala

Tyr

Thr

620

Phe

His

Lys

Gln

Asp

700

Pro

Tyr

Pro

Lys

Phe

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Thr

605

Asn

Gly

Pro

Gly

Gln

685

Leu

Pro

Val

Ile

Gly

Leu

350

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser

590

Asp

Pro

Phe

Phe

Glu

670

Gln

Leu

Leu

Val

Lys
750

Gly

Thr

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln

575

Pro

Ala

Gly

Gly

Phe

655

Ser

Gln

Arg

Thr

Leu
735

Thr

Thr

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val
720
Ala

Leu

Gly
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-continued

755 760 765

Ala Gly Asp Gly Asp Val Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780
Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800
Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815
Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg

835 840 845
<210> SEQ ID NO 32
<211> LENGTH: 2535
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 32
atgaaggcct ctgtatcatg cctegtegge atgagcegecyg tggectacgyg cctegatgge 60
cctttecaga cctaccceccga ctgcaccaag ceccccectgt cegatattaa ggtgtgcgac 120
cggacactge ccgaggcgga gegggceggea gecctegtgg cagecctgac cgacgaggag 180
aagctgcaaa acctggtcag caaggcgecg ggggcegecge ggatcggect gcccgegtac 240
aactggtgga gcgaggcgcet gcacggggtyg geccacgege cegggacgca attccgegac 300
gggeegggygy acttcaacte gtccacgteg tteccgatge cgetgetgat ggecgecgee 360
ttcgacgacyg agctgatcga ggccgtegge gacgtcateg gcaccgagge ccgegecttt 420
ggcaacgceeyg getggtcecegg cctegactac tggaccccca acgtcaaccce cttecgggac 480
cceegetggg gecgeggete cgagacgecg ggcgaggacyg tegtgcegect caagegetac 540
geegecteca tgatcecgegg gcetcegagggt cgttectect ccetectecte ctgetcectte 600
ggatccggayg gggagecgee gcegegtcate tcgacctgca agcactacgce cggctacgac 660
tttgaggact ggaacggcac gacgcggcac gacttcgacyg ccegtcatcte ggcgcaggac 720
ctggecgagt actacctgge gecgttecag cagtgcegege gegactcegeyg cgteggetcee 780
gtecatgtgeyg cctacaacge cgtcaacggg gtgccgtegt gegccaactc gtacctcatg 840
aacacgatce tgcgegggca ctggaactgg accgagcacyg acaactacgt caccagcgac 900
tgcgaggeceg tcctegacgt cteggeccac caccactacyg ccgacaccaa cgccgaggge 960
accggectet gettegagge cggcatggac acgagcetgeg agtacgaggyg ctectcecgac 1020
atccegggeg cctecgecgg cggcttectyg acctggeceyg cegtegaceyg cgccectgacyg 1080
cggctgtace ggagcctggt gegggtegge tactttgacg geccccgagte gecgcacgcece 1140
tegetggget gggecgacgt caaccggecce gaggcegcagyg agetggecct gegegetgee 1200
gtecgagggca tegtgetget caagaacgac aacgacacgce tgccgcetgec getgecggac 1260
gatgtcgttyg tcaccgectga tggtggecge cgccgegteg ccatgatcgg cttetgggece 1320
gacgccceegyg acaagetgtt tggegggtac ageggegege cecccttege gegetcegecce 1380
gegagegeeyg cecggcaget gggcetggaac gtcacggteg ceggagggec cgtectggag 1440
ggagactcgyg acgaggagga ggacacgtgg acggcgecgg cegtcegagge ggecgccgac 1500
geegactaca tegtcectactt tggeggectg gacacgtegg cggcegggega gaccaaggac 1560
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234

-continued
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete 1620
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag 1680
ctggacgggyg tgggegecgt cctgtgggee aactggecgg gecaggacgg cggcacggec 1740
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 33
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 33

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Leu
115

Val Gly Asp
130

Trp Ser Gly
145

Pro Arg Trp

Leu Lys Arg

Ser Val Ser Cys Leu

5

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

135

Leu Asp Tyr Trp Thr
150

Gly Arg Gly Ser Glu

165

Tyr Ala Ala Ser Met

180

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile
75

Gly Val Ala

Phe Asn Ser
105

Phe Asp Asp

Ala Arg Ala

Pro Asn Val
155

Thr Pro Gly
170

Ile Arg Gly
185

Synthetic polypeptide

Ser Ala Val
Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ser Thr Ser
110

Glu Leu Ile
125

Phe Gly Asn
140

Asn Pro Phe

Glu Asp Val

Leu Glu Gly
190

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr

80

Gly Thr

Phe Pro

Glu Ala

Ala Gly

Arg Asp
160

Val Arg
175

Arg Ser
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235

-continued

236

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

Gly

Gly

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu
595

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly
565

Val

Val

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Tyr Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu
560
Asp

Ala

Val
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ued

238

Pro Leu Thr
610

Thr Tyr Arg
625

His Tyr Thr

Gly Ala Gly

Ser Glu Ile

675

Arg Ala Ala
690

Cys Asp Lys
705

Arg Val Thr

Phe Val Ser

Val Ser Tyr

755

Ala Gly Asp
770

Val Gly Asn
785

Pro Gly Thr

Gln Phe Ala

Pro Pro Ser
835

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Met Thr Leu Arg

615

Trp Tyr Pro Thr Pro
630

Thr Phe Arg Ala Glu

645

Lys Gly Asp Gly Asp

660

Arg Thr Gln Gln Gln

680

Ala Ala Ala Thr Thr

695

Thr Tyr Pro Asp Thr
710

Asn Glu Gly Glu Arg

725

Gly Glu Tyr Gly Pro

740

Ala Arg Ala Arg Gly

760

Gly Asp Val Ala Thr

775

Leu Ala Arg His Asp
790

Tyr Thr Leu Thr Leu

805

Leu Glu Gly Glu Pro

820

Ala Asn Ser Thr Ala

D NO 34
H: 2535
DNA

840

Pro

Val

Phe

Gly

665

Gln

Pro

Cys

Ala

Ala

745

Leu

Thr

Glu

Asp

Val

825

Arg

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 34

atgaaggcct

cctttecaga

cggacactge

aagctgcaaa

aactggtgga

dggecggggy

ttcgacgacyg

ggcaacgccyg

cceegetgygy

gecgecteca

ggatccggag

tttgaggact

ctgtatcatg

cctacceega

c¢cgaggcegga

acctggteag

gegaggceget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

cctegtegge

ctgcaccaag

gcgggeggcea

caaggcgecg

gcacggggtyg

gtccacgteyg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

ic

Ser

Arg

Gly

650

Glu

Gln

Ile

Pro

Ser

730

Pro

Lys

Thr

Arg

Glu

810

Val

Gly

Ala

Pro

635

Pro

Asp

Gln

Arg

Leu

715

Asp

Tyr

Gly

Val

Gly

795

Pro

Leu

Arg

Thr Asn Pro
620

Phe Gly Phe

His Pro Phe

Lys Gly Glu

670

Gln Gln Gln
685

Asp Leu Leu
700

Pro Pro Leu

Tyr Val Val

Pro Ile Lys
750

Lys Gly Gly
765

Ser Leu Asp
780

Asn Thr Ile

Ala Gln Ala

Asp Glu Trp
830

His Arg
845

polynucleotide

atgagcgeeg

ccececectgt

geectegtygyg

dgggegecge

geccacgege

ttceccgatge

gacgtcatcyg

tggaccceca

dgcgaggacyg

cgttectect

tcgacctgea

gacttcgacyg

tggcctacgyg

ccgatattaa

cagccctgac

ggatcggect

ccgggacgcea

cgectgetgat

gcaccgagge

acgtcaacce

tegtgegect

cctectecte

agcactacge

cecgteatcete

Gly Arg
Gly Leu
640

Phe Pro
655

Ser Lys

Gln Arg

Arg Asp

Thr Val

720

Leu Ala
735

Thr Leu

Thr Gly

Trp Thr

Leu Tyr
800

Ser Val
815

Pro Ala

cctegatgge
ggtgtgcgac
cgacgaggag
gecegegtac
gttecgegac
ggcegecgece
cegegecttt
cttecegggac
caagcgctac
ctgcetectte

cggctacgac

ggcgcaggac

60

120

180

240

300

360

420

480

540

600

660

720
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240

-continued
ctggccgagt actacctgge gecgttecag cagtgegege gegactegeg cgteggetcece 780
gtcatgtgceg cctacaacge cgtcaacggyg gtgcegtegt gegecaactce gtacctecatg 840
aacacgatce tgcgegggea ctggaactgg accgagecacg acaactacgt caccagcgac 900
tgcgaggeceg tcctegacgt cteggeccac caccactacg cegacaccaa cgecgaggge 960
accggectet gettegagge cggcatggac acgagetgeg agtacgaggg ctectcecgac 1020
atccegggeg ccteegeegg cggettectyg acctggeceg cegtegaceg cgecctgacg 1080
cggctgtace ggagcctggt gegggtegge tactttgacg geccccgagte gecgcacgcece 1140
tegetggget gggecgacgt caaccggece gaggegeagg agetggeect gegegetgece 1200
gtcgagggca tcegtgctget caagaacgac aacgacacge tgecgetgeco getgecggac 1260
gatgtcgttyg tcaccgectga tggtggecge cgccgegteg ccatgatcgg cttetgggece 1320
gacgcceegg acaagcetgtt tggegggtac ageggegege cecccttege gegetegecc 1380
gegagegeceg cceggcaget gggetggaac gtcacggteg ceggagggeco cgtectggag 1440
ggagactcgg acgaggagga ggacacgtgg acggcegccgg cegtegagge ggecgecgac 1500
gecgactaca tcgtctactt tggeggectyg gacacgtegg cggcegggcega gaccaaggac 1560
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete 1620
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag 1680
ctggacgggyg tgggegecgt cctgtgggee ggetggecegg gecaggacgg cggcacggec 1740
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ ID NO 35
<211> LENGTH: 845

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 35

Synthetic polypeptide

Met Lys Ala Ser Val Ser Cys Leu Val Gly Met Ser Ala Val Ala Tyr

1

5

10

15

Gly Leu Asp Gly Pro Phe Gln Thr Tyr Pro Asp Cys Thr Lys Pro Pro

20

25

30

Leu Ser Asp Ile Lys Val Cys Asp Arg Thr Leu Pro Glu Ala Glu Arg
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241

-continued

242

Ala

Leu

65

Asn

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Ala

50

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr
450

35

Ala

Ser

Trp

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met
435

Ser

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp
420

Ile

Gly

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val
405
Asp

Gly

Ala

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

40 45

Ala Leu Thr Asp Glu Glu Lys Leu Gln
55 60

Gly Ala Pro Arg Ile Gly Leu Pro Ala
75

Leu His Gly Val Ala His Ala Pro Gly
90 95

Gly Asp Phe Asn Ser Ser Thr Ser Phe
105 110

Ala Ala Phe Asp Asp Glu Leu Ile Glu
120 125

Thr Glu Ala Arg Ala Phe Gly Asn Ala
135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Tyr Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala
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243

-continued

244

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Ala

785

Pro

Gln

Pro

<210>
<211>
<212>
<213>
<220>

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly

770

Gly

Gly

Phe

Pro

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr

755

Asp

Asn

Thr

Ala

Ser
835

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly

740

Ala

Gly

Leu

Tyr

Leu
820

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu

725

Glu

Arg

Asp

Ala

Thr
805

Glu

Asn

SEQ ID NO 36
LENGTH:
TYPE: DNA
ORGANISM: Artificial sequence
FEATURE:

2535

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Val

Arg

790

Leu

Gly

Ser

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Gly Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Thr Thr Pro Ile Arg Asp Leu Leu Arg
695 700

Asp Thr Cys Pro Leu Pro Pro Leu Thr
715

Glu Arg Ala Ser Asp Tyr Val Val Leu
730 735

Gly Pro Ala Pro Tyr Pro Ile Lys Thr
745 750

Arg Gly Leu Lys Gly Lys Gly Gly Thr
760 765

Ala Thr Thr Thr Val Ser Leu Asp Trp
775 780

His Asp Glu Arg Gly Asn Thr Ile Leu
795

Thr Leu Asp Glu Pro Ala Gln Ala Ser
810 815

Glu Pro Val Val Leu Asp Glu Trp Pro
825 830

Thr Ala Arg Gly Arg His Arg
840 845

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr

Tyr

800

Val

Ala
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-continued

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 36

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120
cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180
aagctgcaaa acctggtcag caaggegecg ggggegecge ggatcggect geccgegtac 240
aactggtgga gcgaggeget geacggggtyg geccacgege cegggacgca gtteegegac 300
gggceggggyg acttcaactce gtccacgteg tteccgatge cgetgetgat ggecgecgec 360
ttcgacgacyg agctgatcga ggcegtegge gacgtcateg gecaccgagge ccgegecttt 420
ggcaacgceceg getggtecegg cectegactac tggaccccca acgtcaaccce ctteegggac 480
cceegetggyg gecegeggete cgagacgecg ggegaggacg tegtgegect caagegetac 540
gecgecteca tgatccegegg getegagggt cgttectect cctectecte ctgetectte 600
ggatccggag gggagcecegee gegegtcate tcgacctgeca agcactacge cggcaacgac 660
tttgaggact ggaacggcac gacgcggeac gacttecgacg ccattatcte ggegcaggac 720
ctggccgagt actacctgge gecgttecag cagtgegege gegactegeg cgteggetcece 780
gtcatgtgceg cctacaacge cgtcaacggyg gtgcegtegt gegecaactce gtacctecatg 840
aacacgatce tgcgegggea ctggaactgg accgagecacg acaactacgt caccagcgac 900
tgcgaggeceg tcctegacgt cteggeccac caccactacg cegacaccaa cgecgaggge 960
accggectet gettegagge cggcatggac acgagetgeg agtacgaggg ctectcecgac 1020
atccegggeg ccteegeegg cggettectyg acctggeceg cegtegaceg cgecctgacg 1080
cggctgtace ggagcctggt gegggtegge tactttgacg geccccgagte gecgcacgcece 1140
tegetggget gggecgacgt caaccggece gaggegeagg agetggeect gegegetgece 1200
gtcgagggca tcegtgctget caagaacgac aacgacacge tgecgetgeco getgecggac 1260
gatgtcgttyg tcaccgectga tggtggecge cgccgegteg ccatgatcgg cttetgggece 1320
gacgcceegg acaagcetgtt tggegggtac ageggegege cecccttege gegetegecc 1380
gegagegeceg cceggcaget gggetggaac gtcacggteg ceggagggeco cgtectggag 1440
ggagactcgg acgaggagga ggacacgtgg acggcegccgg cegtegagge ggecgecgac 1500
gecgactaca tcgtctactt tggeggectyg gacacgtegg cggcegggcega gaccaaggac 1560
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete 1620
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag 1680
ctggacgggyg tgggegecgt cctgtgggee aactggecgg gecaggacgg cggcacggec 1740
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
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ctaaagggga

ctcgactgga

ccgggaactt

dagggcegage

agggggagge

<210>
<211>
<212>
<213>
<220>
<223>

agggeggega
cegteggeaa
acaccctcac

cegtegtget

acagg

PRT

<400> SEQUENCE:

Met

1

Gly

Leu

Ala

Leu

65

Asn

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

Lys

Leu

Ser

Ala

50

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Ala

Asp

Asp

35

Ala

Ser

Trp

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala
275

Thr

Val

Ser

Gly

20

Ile

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser
260
Asn

Glu

Ser

SEQ ID NO 37
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

845

37

Val

Pro

Lys

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Ser

Phe

Val

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

cggegacgge
cctggecege
tctegacgag

cgacgagtgg

gacggegacg gcgccaccac

cacgacgagc gcggcaacac

ceggeccagy cgagcegtgea

cctgegeege cgagtgccaa

Synthetic polypeptide

Cys

Gln

Cys

Ala

55

Gly

Leu

Gly

Ala

Thr

135

Trp

Ser

Ser

Ser

His

215

Asp

Ala

Cys

Leu

Asn
295

His

Leu

Thr

Asp

40

Leu

Ala

His

Asp

Ala

120

Glu

Thr

Glu

Met

Phe

200

Tyr

Phe

Pro

Ala

Met
280

Tyr

His

Val

Tyr

25

Arg

Thr

Pro

Gly

Phe

105

Phe

Ala

Pro

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr
265
Asn

Val

Tyr

Gly

10

Pro

Thr

Asp

Arg

Val

Asn

Asp

Arg

Asn

Pro

170

Arg

Ser

Gly

Ala

Gln

250

Asn

Thr

Thr

Ala

Met

Asp

Leu

Glu

Ile

75

Ala

Ser

Asp

Ala

Val

155

Gly

Gly

Gly

Asn

Ile

235

Gln

Ala

Ile

Ser

Asp

Ser

Cys

Pro

Glu

60

Gly

His

Ser

Glu

Phe

140

Asn

Glu

Leu

Gly

Asp

220

Ile

Cys

Val

Leu

Asp
300

Thr

Ala

Thr

Glu

45

Lys

Leu

Ala

Thr

Leu

125

Gly

Pro

Asp

Glu

Glu

205

Phe

Ser

Ala

Asn

Arg
285

Cys

Asn

Val

Lys

30

Ala

Leu

Pro

Pro

Ser

110

Ile

Asn

Phe

Val

Gly

190

Pro

Glu

Ala

Arg

Gly

270

Gly

Glu

Ala

taccgtcteg

aatcctgtac

gttegeccte

ctccaccgee

Ala

15

Pro

Glu

Gln

Ala

Gly

Phe

Glu

Ala

Arg

Val

175

Arg

Pro

Asp

Gln

Asp

255

Val

His

Ala

Glu

Tyr

Pro

Arg

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

2340

2400

2460

2520

2535
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305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala
690

Asp

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile
675
Ala

Lys

Thr

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu
725

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro
710

Gly

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser

535

Asp

Val

Arg

Gln

Leu

615

Thr

Ala

Gly

Gln

Thr
695

Asp

Glu

Gly

Ala

Thr

360

Glu

Ala

Lys

Val

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Tyr

600

Arg

Pro

Glu

Asp

Gln
680
Thr

Thr

Arg

Met

Ser

345

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gly

665

Gln

Pro

Cys

Ala

Asp

330

Ala

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly

650

Glu

Gln

Ile

Pro

Ser
730

315

Thr

Gly

Tyr

His

Leu

395

Asn

Asp

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro

635

Pro

Asp

Gln

Arg

Leu
715

Asp

Ser

Gly

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu

540

Thr

Trp

Ala

Tyr

Thr

620

Phe

His

Lys

Gln

Asp
700

Pro

Tyr

Cys

Phe

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Thr

605

Asn

Gly

Pro

Gly

Gln
685
Leu

Pro

Val

Glu

Leu

350

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser

590

Asp

Pro

Phe

Phe

Glu

670

Gln

Leu

Leu

Val

Tyr

335

Thr

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln

575

Pro

Ala

Gly

Gly

Phe

655

Ser

Gln

Arg

Thr

Leu
735

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val
720

Ala
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Phe Val Ser
Val Ser Tyr
755

Ala Gly Asp
770

Val Gly Asn
785

Pro Gly Thr

Gln Phe Ala

Pro Pro Ser
835

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Glu Tyr Gly Pro

740

Ala Arg Ala Arg Gly

760

Gly Asp Val Ala Thr

775

Leu Ala Arg His Asp
790

Tyr Thr Leu Thr Leu

805

Leu Glu Gly Glu Pro

820

Ala Asn Ser Thr Ala

D NO 38
H: 2535
DNA

840

Ala Pro Tyr
745

Leu Lys Gly

Thr Thr Val

Glu Arg Gly

795

Asp Glu Pro
810

Val Val Leu
825

Arg Gly Arg

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 38

atgaaagcga

cegtttcaga

cgcacectge

aaactgcaga

aactggtgga

dgeecgggcy

tttgatgatg

ggcaacgcgg

CCgCgCtggg

dcggcegagcea

dgcagceggceyg

tttgaagatt

ctggcggaat

gtgatgtgceg

aacaccattc

tgcgaagegg

accggectgt

attcecgggeyg

cgectgtate

agcetggget

gtggaaggca

gatgtggtgg

gatgcgcegg

gcgagcegegy

gegtgagetg

cctateccgga

cggaagcgga

acctggtgag

gcgaageget

attttaacag

aactgattga

getggagegy

geegeggeayg

tgattcgegy

gegaaccgece

ggaacggcac

attatctgge

cgtataacge

tgcgeggeca

tgctggatgt

getttgaage

c¢gagegeggy

gcagectggt

gggcggatgt

ttgtgetget

tgaccgegga

ataaactgtt

cgegecaget

CCtggtgggC

ttgcaccaaa

acgcgceggeg

caaagcgecg

gcatggcgtg

cagcaccage

agcggtggge

cctggattat

cgaaacccceg

cctggaagge

gegegtgatt

cacccgecat

geegtttcag

ggtgaacggc

ttggaactgg

gagegegeat

gggcatggat

cggetttetyg

gegegtggge

gaaccgcccyg

gaaaaacgat

tggngCCgC

tggcggetat

gggctggaac

Pro Ile Lys
750

Lys Gly Gly
765

Ser Leu Asp
780

Asn Thr Ile

Ala Gln Ala

Asp Glu Trp
830

His Arg
845

ic polynucleotide

atgagcgegg

cegecgetga

gegetggtgg

ggcgcgecgce

gegeatgege

tttccgatge

gatgtgattyg

tggaccccga

ggcgaagatg

cgcagcagea

agcacctgea

gattttgatg

cagtgegege

gtgccgaget

accgaacatg

catcattatg

accagcetgeg

acctggeegyg

tattttgatg

gaagcgeagyg

aacgataccc

cgcegegtgg

ageggegege

gtgaccgtgg

tggcgtatgg
gcgatattaa
cggegetgac
gecattggect
cgggcaccca
cgectgetgat
gcaccgaagce
acgtgaaccce
tggtgegect
gcagcagcag
aacattatgce
cgctgattag
gegatagecg
gegegaacag
ataactatgt
cggataccaa
aatatgaagg

cggtggatcg

geceggaaag

aactggeget

tgcecgetgee

cgatgattgyg

cgecegtttge

cgggcggccc

Thr Leu

Thr Gly

Trp Thr

Leu Tyr

800

Ser Val
815

Pro Ala

cctggatgge
agtgtgcgat
cgatgaagaa
gecggegtat
gtttcgegat
ggeggeggeg
gegegegttt
gtttcgegat
gaaacgctat
ctgcagettt
gggcaacgat
cgcegcaggat
cgtgggcage
ctatctgatg
gaccagcgat
cgceggaagge
cagcagcgat
cgegetgace
ccegecatgeg
gegegeggeg
getgeeggat
cttttgggey
gegeageceg

ggtgctggaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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254

-continued
ggcgatageg atgaagaaga agatacctgyg accgegeegg cggtggaage ggeggeggat 1500
gcggattata ttgtgtattt tggcggectg gataccageg cggcgggcga aaccaaagat 1560
cgcatgacca ttggctggece ggcggcgcag ctggcgcetga ttagcgaact ggcgcegectg 1620
ggcaaaccgg tggtggtggt gcagatgggce gatcagctgg atgatacccce gctgtttgaa 1680
ctggatggeg tgggcegeggt getgtgggeg aactggecgg gecaggatgg cggcaccegeg 1740
gtggtgcgee tgctgagegg cgcggaaage ccggcegggee gectgecggt gacccagtat 1800
ccggegaact ataccgatge ggtgecgetg accgatatga cectgegece gagegegace 1860
aacccgggece gcacctateg ctggtatccecg accecggtge gecegtttgg ctttggectg 1920
cattatacca cctttcgecge ggaatttgge ccgcatcegt tttttecggg cgcgggcaaa 1980
ggcgatggeyg atggcgaaga taaaggcgaa agcaaaagcg aaattcgcac ccagecageag 2040
cagcagcage agcagcagca gegecgegeg geggeggegg cgaccaccece gattcegegat 2100
ctgctgegeg attgcgataa aacctatccg gatacctgece cgctgecgece getgaccgtg 2160
cgcgtgacca acgaaggcga acgcgcgagce gattatgtgg tgctggegtt tgtgagcggce 2220
gaatatggcc cggcgccgta tccgattaaa accctggtga gctatgcgeg cgegegeggce 2280
ctgaaaggca aaggcggcac cggcegeggge gatggegatg tggegaccac caccgtgage 2340
ctggattgga ccgtgggcaa cctggcgcgce catgatgaac gcggcaacac cattctgtat 2400
ccgggcacct ataccctgac cctggatgaa ccggcgcagg cgagcgtgca gtttgcegetg 2460
gaaggcgaac cggtggtget ggatgaatgg ccggegecge cgagegcgaa cagcaccgeg 2520
cgeggecgece atcge 2535

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 39
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 39

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Leu

115

Val Gly Asp
130

Trp Ser Gly
145

Ser Val Ser Cys Leu

5

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

135

Leu Asp Tyr Trp Thr
150

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile
75

Gly Val Ala
90

Phe Asn Ser
105

Phe Asp Asp

Ala Arg Ala

Pro Asn Val
155

Synthetic polypeptide

Ser Ala Val
Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro
Ser Thr Ser
110

Glu Leu Ile
125

Phe Gly Asn
140

Asn Pro Phe

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr

80

Gly Thr

95

Phe Pro

Glu Ala

Ala Gly

Arg Asp
160
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256

Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

Gly

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln
530
Val

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly
565

Val

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly
550

Ala

Val

Ser

Ser

Ser

His

215

Asp

Ala

Cys

Leu

Asn

295

His

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser
535
Asp

Val

Arg

Glu

Met

Phe

200

Tyr

Phe

Pro

Ala

Met

280

Tyr

His

Gly

Ala

Thr

360

Glu

Ala

Lys

Val

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Thr

Ile

185

Gly

Ala

Asp

Phe

Tyr

265

Asn

Val

Tyr

Met

Ser

345

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu

Pro

170

Arg

Ser

Gly

Ala

Gln

250

Asn

Thr

Thr

Ala

Asp

330

Ala

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala
570

Ser

Gly

Gly

Gly

Asn

Leu

235

Gln

Ala

Ile

Ser

Asp

315

Thr

Gly

Tyr

His

Leu

395

Asn

Asp

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Glu Asp Val Val

Leu

Gly

Asp

220

Ile

Cys

Val

Leu

Asp

300

Thr

Ser

Gly

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu
540
Thr

Trp

Ala

Glu

Glu

205

Phe

Ser

Ala

Asn

Arg

285

Cys

Asn

Cys

Phe

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Gly

190

Pro

Glu

Ala

Arg

Gly

270

Gly

Glu

Ala

Glu

Leu

350

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser

175

Arg

Pro

Asp

Gln

Asp

255

Val

His

Ala

Glu

Tyr

335

Thr

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln
575

Pro

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu
560

Asp

Ala
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-continued

580 585 590

Gly Arg Leu Pro Val Thr Gln Tyr Pro Ala Asn Tyr Thr Asp Ala Val
595 600 605

Pro Leu Thr Asp Met Thr Leu Arg Pro Ser Ala Thr Asn Pro Gly Arg
610 615 620

Thr Tyr Arg Trp Tyr Pro Thr Pro Val Arg Pro Phe Gly Phe Gly Leu
625 630 635 640

His Tyr Thr Thr Phe Arg Ala Glu Phe Gly Pro His Pro Phe Phe Pro
645 650 655

Gly Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys
660 665 670

Ser Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg
675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Thr Gly
755 760 765

Ala Gly Asp Gly Asp Val Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 40

<211> LENGTH: 2535

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 40

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120
cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180
aagctgcaaa acctggtcag caaggegecg ggggegecge ggatcggect geccgegtac 240

aactggtgga gcgaggeget geacggggtyg geccacgege cegggacgca gtteegegac 300

gggceggggyg acttcaactce gtccacgteg tteccgatge cgetgetgat ggecgecgec 360
ttcgacgacyg agctgatcga ggcegtegge gacgtcateg gecaccgagge ccgegecttt 420
ggcaacgceceg getggtecegg cectegactac tggaccccca acgtcaaccce ctteegggac 480
cceegetggyg gecegeggete cgagacgecg ggegaggacg tegtgegect caagegetac 540

gecgecteca tgatccegegg getegagggt cgttectect cctectecte ctgetectte 600
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260

-continued
ggatccggag gggagcecegee gegegtcate tcgacctgeca agcactacge cggcaacgac 660
tttgaggact ggaacggcac gacgcggeac gacttecgacg cegtcatcte ggegcaggac 720
ctggccgagt actacctgge gecgttecag cagtgegege gegactegeg cgteggetcece 780
gtcatgtgceg cctacaacge cgtcaacggyg gtgcegtegt gegecaactce gtacctecatg 840
aacacgatce tgcgegggea ctggaactgg accgagecacg acaactacgt caccagcgac 900
tgcgaggeceg tcctegacgt cteggeccac caccactacg cegacaccaa cgecgaggge 960
accggectet gettegagge cggcatggac acgagetgeg agtacgaggg ctectcecgac 1020
atccegggeg ccttggecgg cggettectyg acctggeceg cegtegaceg cgecctgacg 1080
cggctgtace ggagcctggt gegggtegge tactttgacg geccccgagte gecgcacgcece 1140
tegetggget gggecgacgt caaccggece gaggcacagg agetggeect gegegetgece 1200
gtcgagggca tcegtgctget caagaacgac aacgacacge tgecgetgeco getgecggac 1260
gatgtcgttyg tcaccgectga tggtggecge cgccgegteg ccatgatcgg cttetgggece 1320
gacgcceegg acaagcetgtt tggegggtac ageggegege cecccttege gegetegecc 1380
gegagegeceg cceggcaget gggetggaac gtcacggteg ceggagggeco cgtectggag 1440
ggagactcgg acgaggagga ggacacgtgg acggcegccgg cegtegagge ggecgecgac 1500
gecgactaca tcgtctactt tggeggectyg gacacgtegg cggcegggcega gaccaaggac 1560
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete 1620
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag 1680
ctggacgggyg tgggegecgt cctgtgggee aactggecgg gecaggacgg cggcacggec 1740
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ ID NO 41
<211> LENGTH: 845

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 41

Synthetic polypeptide

Met Lys Ala Ser Val Ser Cys Leu Val Gly Met Ser Ala Val Ala Tyr

1

5

10

15
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261

-continued

262

Gly

Leu

Ala

Leu

65

Asn

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Leu

Ser

Ala

50

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Asp

Asp

35

Ala

Ser

Trp

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Gly

Ile

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp
420

Pro

Lys

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val
405

Asp

Phe

Val

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Gln Thr Tyr Pro Asp Cys Thr Lys Pro
25 30

Cys Asp Arg Thr Leu Pro Glu Ala Glu
40 45

Ala Leu Thr Asp Glu Glu Lys Leu Gln
55 60

Gly Ala Pro Arg Ile Gly Leu Pro Ala
75

Leu His Gly Val Ala His Ala Pro Gly
Gly Asp Phe Asn Ser Ser Thr Ser Phe
105 110

Ala Ala Phe Asp Asp Glu Leu Ile Glu
120 125

Thr Glu Ala Arg Ala Phe Gly Asn Ala
135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Asn Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Leu Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Pro

Arg

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala
400

Leu

Arg
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264

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Ala

785

Pro

Gln

Pro

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly

770

Gly

Gly

Phe

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr

755

Asp

Asn

Thr

Ala

Ser
835

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly

740

Ala

Gly

Leu

Tyr

Leu
820

Ala

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu

725

Glu

Arg

Asp

Ala

Thr
805

Glu

Asn

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Val

Arg

790

Leu

Gly

Ser

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser

535

Asp

Val

Arg

Gln

Leu

615

Thr

Ala

Gly

Gln

Thr

695

Asp

Glu

Gly

Arg

Ala

775

His

Thr

Glu

Thr

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Tyr

600

Arg

Pro

Glu

Asp

Gln

680

Thr

Thr

Arg

Pro

Gly

760

Thr

Asp

Leu

Pro

Ala
840

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gly

665

Gln

Pro

Cys

Ala

Ala

745

Leu

Thr

Glu

Asp

Val
825

Arg

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly

650

Glu

Gln

Ile

Pro

Ser

730

Pro

Lys

Thr

Arg

Glu
810

Val

Gly

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro

635

Pro

Asp

Gln

Arg

Leu

715

Asp

Tyr

Gly

Val

Gly

795

Pro

Leu

Arg

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu

540

Thr

Trp

Ala

Tyr

Thr

620

Phe

His

Lys

Gln

Asp

700

Pro

Tyr

Pro

Lys

Ser

780

Asn

Ala

Asp

His

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Thr

605

Asn

Gly

Pro

Gly

Gln

685

Leu

Pro

Val

Ile

Gly

765

Leu

Thr

Gln

Glu

Arg
845

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser

590

Asp

Pro

Phe

Phe

Glu

670

Gln

Leu

Leu

Val

Lys

750

Gly

Asp

Ile

Ala

Trp
830

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln

575

Pro

Ala

Gly

Gly

Phe

655

Ser

Gln

Arg

Thr

Leu

735

Thr

Thr

Trp

Leu

Ser
815

Pro

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr

Tyr

800

Val

Ala
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-continued

266

<210> SEQ ID NO 42

<211> LENGTH: 2535

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 42

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac
cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag
aagctgcaaa acctggtcag caaggegecg ggggegecge ggatcggect geccgegtac
aactggtgga gcgaggeget geacggggtyg geccacgege cegggacgca gtteegegac
gggceggggyg acttcaactce gtccacgteg tteccgatge cgetgetgat ggecgecgec
ttcgacgacyg agctgatcga ggcegtegge gacgtcateg gecaccgagge ccgegecttt
ggcaacgceceg getggtecegg cectegactac tggaccccca acgtcaaccce ctteegggac
cceegetggyg gecegeggete cgagacgecg ggegaggacg tegtgegect caagegetac
gecgecteca tgatccegegg getegagggt cgttectect cctectecte ctgetectte
ggatccggag gggagcecegee gegegtcate tcgacctgeca agcactacge cggcaacgac
tttgaggact ggaacggcac gacgcggeac gacttecgacg cegtcatcte ggegcaggac
ctggccgagt actacctgge gecgttecag cagtgegege gegactegeg cgteggetcece
gtcatgtgceg cctacaacge cgtcaacggyg gtgcegtegt gegecaactce gtacctecatg
aacacgatce tgcgegggea ctggaactgg accgagecacg acaactacgt caccagcgac
tgcgaggeceg tcctegacgt cteggeccac caccactacg cegacaccaa cgecgaggge
accggectet gettegagge cggcatggac acgagetgeg agtacgaggg ctectcecgac
atccegggeg ccteegecca gggettectyg acctggeceg cegtegaceg cgecctgacg
cggetgtace ggagectggt gegggtegge tactttgacg gecccgagte gecgcacgece
tegetggget gggecgacgt caaccggece gaggegeagg agetggeect gegegetgece
gtcgagggca tcegtgctget caagaacgac aacgacacge tgecgetgeco getgecggac
gatgtegttyg tcaccgetga tggtggecege cgccgegteg ccatgategyg cttetgggec
gacgcceegg acaagcetgtt tggegggtac ageggegege cecccttege gegetegecc
gegagegeceg cceggcaget gggetggaac gtcacggteg ceggagggeco cgtectggag
ggagactcgg acgaggagga ggacacgtgg acggcegccgg cegtegagge ggecgecgac
gecgactaca tcgtctactt tggeggectyg gacacgtegg cggcegggcega gaccaaggac
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag
ctggacgggyg tgggegecgt cctgtgggee aactggecgg gecaggacgg cggcacggec
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace

aacccgggece ggacctacceg ctggtacceg actceegtec ggeecttegg ctteggecte

cactatacca cctteeggge cgagttegge ccccaccect tetteecggg ggegggcaag

ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag

caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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268

-continued
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 43
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 43

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Leu
115

Val Gly Asp
130

Trp Ser Gly
145

Pro Arg Trp

Leu Lys Arg

Ser Ser Ser
195

Val Ile Ser
210

Asn Gly Thr
225

Leu Ala Glu

Arg Val Gly

Ser Cys Ala
275

Ser Val Ser Cys Leu

5

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

135

Leu Asp Tyr Trp Thr
150

Gly Arg Gly Ser Glu

165

Tyr Ala Ala Ser Met

180

Ser Ser Cys Ser Phe

200

Thr Cys Lys His Tyr

215

Thr Arg His Asp Phe
230

Tyr Tyr Leu Ala Pro

245

Ser Val Met Cys Ala

260

Asn Ser Tyr Leu Met

280

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile

75

Gly Val Ala
90

Phe Asn Ser
105

Phe Asp Asp

Ala Arg Ala

Pro Asn Val
155

Thr Pro Gly
170

Ile Arg Gly
185

Gly Ser Gly

Ala Gly Asn

Asp Ala Val

235

Phe Gln Gln
250

Tyr Asn Ala
265

Asn Thr Ile

Synthetic polypeptide

Ser Ala Val
Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ser Thr Ser

110

Glu Leu Ile
125

Phe Gly Asn
140

Asn Pro Phe

Glu Asp Val

Leu Glu Gly
190

Gly Glu Pro
205

Asp Phe Glu
220

Ile Ser Ala

Cys Ala Arg

Val Asn Gly
270

Leu Arg Gly
285

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr
80

Gly Thr
95

Phe Pro

Glu Ala

Ala Gly

Arg Asp
160

Val Arg
175

Arg Ser

Pro Arg

Asp Trp

Gln Asp

240

Asp Ser
255

Val Pro

His Trp



US 9,476,077 B2

269

-continued

270

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala
690

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile
675

Ala

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys
660

Arg

Ala

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe
645
Gly

Thr

Ala

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gln Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Thr Thr Pro Ile Arg Asp Leu Leu Arg
695 700

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp
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Cys
705
Arg

Phe

Ala

785

Pro

Gln

Pro

<210>
<211>
<212>
<213>
<220>
<223>

Asp

Val

Val

Ser

Gly

770

Gly

Gly

Phe

Pro

Lys

Thr

Ser

Tyr

755

Asp

Asn

Thr

Ala

Ser
835

Thr

Asn

Gly

740

Ala

Gly

Leu

Tyr

Leu

820

Ala

<400> SEQUENCE:

atgaaagcga

cegtttcaga

cgcacectge

aaactgcaga

aactggtgga

dgeecgggcy

tttgatgatg

ggcaacgcgg

CCgCgCtggg

dcggcegagcea

dgcagceggceyg

tttgaagatt

ctggcggaat

gtgatgtgceg

aacaccattc

tgcgaagegg

accggectgt

attcecgggeyg

cgectgtate

agcetggget

gtggaaggca

gegtgagetg

cctateccgga

cggaagcgga

acctggtgag

gcgaageget

attttaacag

aactgattga

getggagegy

geegeggeayg

tgattcgegy

gegaaccgece

ggaacggcac

attatctgge

cgtataacge

tgcgeggeca

tgctggatgt

getttgaage

cgagcgegea

gcagectggt

gggcggatgt

ttgtgetget

Tyr

Glu

725

Glu

Arg

Asp

Ala

Thr

805

Glu

Asn

SEQ ID NO 44
LENGTH:
TYPE: DNA
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

2535

44

Pro

710

Gly

Tyr

Ala

Val

Arg

790

Leu

Gly

Ser

Asp

Glu

Gly

Arg

Ala

775

His

Thr

Glu

Thr

Thr

Arg

Pro

Gly

760

Thr

Asp

Leu

Pro

Ala
840

Synthetic

cetggtggge
ttgcaccaaa
acgegeggeg
caaagcgecg
gcatggegtg
cagcaccage
agcggtggge
cctggattat
cgaaacccceg
cctggaagge
gegegtgatt

cacccgecat

ggtgaacggc

gagegegeat

gggcatggat

gegegtggge

gaaaaacgat

Cys Pro Leu
715

Ala Ser Asp
730

Ala Pro Tyr
745

Leu Lys Gly

Thr Thr Val

Glu Arg Gly

795

Asp Glu Pro
810

Val Val Leu
825

Arg Gly Arg

atgagcgegg
cegecgetga
gegetggtgg
ggcgegeege
gegeatgege
tttccgatge
gatgtgattyg
tggaccccga
ggcgaagatyg
cgcagcagea
agcacctgea

gattttgatg

geegtttecag cagtgegege

gtgccgaget

ttggaactgyg accgaacatg

catcattatg

accagcetgeg

gggetttetyg acctggecgy

tattttgatg

gaaccgececeg gaagcegceagg

aacgataccc

Pro Pro Leu

Tyr Val Val

Pro Ile Lys

750

Lys Gly Gly
765

Ser Leu Asp
780

Asn Thr Ile

Ala Gln Ala

Asp Glu Trp
830

His Arg
845

polynucleotide

tggcgtatgg

gcgatattaa

cggegetgac

gecattggect

cgggcaccca

cgectgetgat

gcaccgaagce

acgtgaaccce

tggtgegect

gcagcagcag

aacattatgce

cggtgattag

gegatagecg

gegegaacag

ataactatgt

cggataccaa

aatatgaagg

cggtggatcg

geceggaaag

aactggeget

tgcecgetgee

Thr Val
720

Leu Ala
735

Thr Leu

Thr Gly

Trp Thr

Leu Tyr

800

Ser Val
815

Pro Ala

cctggatgge
agtgtgcgat
cgatgaagaa
gecggegtat
gtttcgegat
ggeggeggeg
gegegegttt
gtttcgegat
gaaacgctat
ctgcagettt
gggcaacgat
cgcegcaggat
cgtgggcage
ctatctgatg
gaccagcgat
cgceggaagge
cagcagcgat
cgegetgace
ccegecatgeg
gegegeggeg

getgeeggat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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274

-continued
gatgtggtgg tgaccgcgga tggcggcecgce cgccgegtgg cgatgattgg cttttgggeg 1320
gatgcgcegg ataaactgtt tggcaactat agcggcgcge cgccgtttge gcgcageccyg 1380
gegagegegg cgegecaget gggetggaac gtgaccegtgg cgggeggece ggtgetggaa 1440
ggcgatageg atgaagaaga agatacctgyg accgegeegg cggtggaage ggeggeggat 1500
gcggattata ttgtgtattt tggcggectg gataccageg cggcgggcga aaccaaagat 1560
cgcatgacca ttggctggece ggcggcgcag ctggcgcetga ttagcgaact ggcgcegectg 1620
ggcaaaccgg tggtggtggt gcagatgggce gatcagctgg atgatacccce gctgtttgaa 1680
ctggatggeg tgggcegeggt getgtgggeg aactggecgg gecaggatgg cggcaccegeg 1740
gtggtgcgee tgctgagegg cgcggaaage ccggcegggee gectgecggt gacccagtat 1800
ccggegaact ataccgatge ggtgecgetg accgatatga cectgegece gagegegace 1860
aacccgggece gcacctateg ctggtatccecg accecggtge gecegtttgg ctttggectg 1920
cattatacca cctttcgecge ggaatttgge ccgcatcegt tttttecggg cgcgggcaaa 1980
ggcgatggeyg atggcgaaga taaaggcgaa agcaaaagcg aaattcgcac ccagecageag 2040
cagcagcage agcagcagca gegecgegeg geggeggegg cgaccaccece gattcegegat 2100
ctgctgegeg attgcgataa aacctatccg gatacctgece cgctgecgece getgaccgtg 2160
cgcgtgacca acgaaggcga acgcgcgagce gattatgtgg tgctggegtt tgtgagcggce 2220
gaatatggcc cggcgccgta tccgattaaa accctggtga gctatgcgeg cgegegeggce 2280
ctgaaaggca aaggcggcac cggcegeggge gatggegatg tggegaccac caccgtgage 2340
ctggattgga ccgtgggcaa cctggcgcgce catgatgaac gcggcaacac cattctgtat 2400
ccgggcacct ataccctgac cctggatgaa ccggcgcagg cgagcgtgca gtttgcegetg 2460
gaaggcgaac cggtggtget ggatgaatgg ccggegecge cgagegcgaa cagcaccgeg 2520
cgeggecgece atcge 2535

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 45
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 45

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Leu

115

Val Gly Asp

Ser Val Ser Cys Leu

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile
75

Gly Val Ala
90

Phe Asn Ser
105

Phe Asp Asp

Ala Arg Ala

Synthetic polypeptide

Ser Ala Val

Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ser Thr Ser

110

Glu Leu Ile
125

Phe Gly Asn

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr
80

Gly Thr
95
Phe Pro

Glu Ala

Ala Gly
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275

-continued

276

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Asn

Arg

465

Gly

Ala

Ser

Ala

545

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln
530

Val

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala
515

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly
550

135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Asn Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gln Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu
560
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-continued

Leu Asp Gly Val Gly Ala Val Leu Trp Ala Asn Trp Pro Gly Gln Asp
565 570 575

Gly Gly Thr Ala Val Val Arg Leu Leu Ser Gly Ala Glu Ser Pro Ala
580 585 590

Gly Arg Leu Pro Val Thr Gln Tyr Pro Ala Asn Tyr Thr Asp Ala Val
595 600 605

Pro Leu Thr Asp Met Thr Leu Arg Pro Ser Ala Thr Asn Pro Gly Arg
610 615 620

Thr Tyr Arg Trp Tyr Pro Thr Pro Val Arg Pro Phe Gly Phe Gly Leu
625 630 635 640

His Tyr Thr Thr Phe Arg Ala Glu Phe Gly Pro His Pro Phe Phe Pro
645 650 655

Gly Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys
660 665 670

Ser Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg
675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Thr Gly
755 760 765

Ala Gly Asp Gly Asp Val Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 46

<211> LENGTH: 2535

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 46

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120
cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180
aagctgcaaa acctggtcag caaggegecg ggggegecge ggatcggect geccgegtac 240
aactggtgga gcgaggeget geacggggtyg geccacgege cegggacgca gtteegegac 300

gggceggggyg acttcaactce gtccacgteg tteccgatge cgetgetgat ggecgecgec 360

ttcgacgacyg agctgatcga ggcegtegge gacgtcateg gecaccgagge ccgegecttt 420
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280

ggcaacgcecg getggtecegyg

ceceegetggy gecegeggete

geegecteca tgatccegegyg

ggatccggag gggagccgcc

tttgaggact ggaacggcac

ctggeccegagt actacctgge

gtcatgtgeg cctacaacge

aacacgatce tgcgegggea

tgcgaggeceyg tcctegacgt

accggectet gettegagge

atccegggeyg ccteegecca

cggetgtace ggagectggt

tegetggget gggecgacgt

gtcgagggca tegtgetget

gatgtegttyg tcaccgctga

gacgcccegg acaagetgtt

gegagegecg cceggcagcet

ggagactcgg acgaggagga

gecgactaca tcegtctactt

cggatgacga tcgggtggec

ggcaagcceceg tegtggtggt

ctggacgggg tgggcgcegt

gtggtcegge tgctcagegyg

cecggecaact acaccgacge

aacccgggece ggacctaceg

cactatacca cctteeggge

ggcgatggeg acggcgagga

caacagcagc agcagcagca

ctgctecgeyg actgcgacaa

cgegtgacca acgagggcga

gagtacggge cggcgccgta

ctaaagccga agggcggcga

ctcgactgga ccgteggcaa

ccgggaactt acaccctcac

gagggcgage ccgtegtget

agggggagge acagg

<210> SEQ ID NO 47

<211> LENGTH: 845
<212> TYPE: PRT

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

geegttecag

cgtcaacggyg

ctggaactgg

cteggeccac

cggcatggac

gggettecty

gegggtegge

caaccggecec

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

dgcggegeayg

gcagatgggc

cctgtgggec

cgcegagage

ggtgccecty

ctggtacceg

cgagttegge

caagggcgag

dcgcagggceyg

gacgtacccyg

gegegegtee

cccgatcaag

cggcgacggc

cctggecege

tctegacgag

cgacgagtgg

tggaccceca

dgcgaggacyg

cgttectect

tcgacctgea

gacttcgacyg

cagtgegege

gtgcegtegt

accgagcacyg

caccactacg

acgagcetgeg

acctggeceeyg

tactttgacg

gaggcgeagy

aacgacacgc

cgecegegteg

ageggegege

gtcacggteyg

acggcgcecgg

gacacgtegg

ctggegetea

gaccagcteg

aactggcegyg

ceggeegged

accgacatga

actccegtec

ccccacccect

agcaagagcg

gcggeggcgy

gacacgtgce

gactacgtgg

acgctggtet

gacggcgacg

cacgacgagc

ceggeccagyg

cctgegecge

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION:

acgtcaacce cttecegggac

tcgtgegect caagegetac

cctectecte ctgetectte

agcactacgce cggcaacgac

cegtcatete ggcegcaggac

gegactegeg cgteggetece

gegecaacte gtacctcatg

acaactacgt caccagcgac

ccgacaccaa cgccgaggyge

agtacgaggg ctcctecgac

cegtegaceyg cgecctgacyg

gececgagte gecgecacgece

agctggeect gegegetgee

tgcegetgee getgecggac

ccatgategg cttetgggece

ccececttege gegetegece

ceggagggee cgtectggag

cegtegagge ggccgecgac

cggegggcega gaccaaggac

tcteggaget ggcegeggete

acgacacgcce cctettegag

gecaggacgg cggcacggece

gectgecegt gacccagtac

cecctgegece gteggegace

ggcecttegyg ctteggecte

tetteceggy ggcgggcaayg

agatcaggac gcagcagcag

ccaccacgee gatccgggac

cgectgecgee getgacggty

tgctggectt cgtgteggge

cgtacgegeg ggcgegeggy

gegecaccac taccgteteg

geggcaacac aatcctgtac

cgagegtgca gttegeccte

cgagtgccaa ctccaccgec

Synthetic polypeptide

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2535
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281

-continued

282

<400> SEQUENCE:

Met

1

Gly

Leu

Ala

Leu

65

Asn

Gln

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Lys

Leu

Ser

Ala

Val

Trp

Phe

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly
370

Asp

Glu

Ala

Asp

Asp

35

Ala

Ser

Trp

Arg

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val
355
Tyr

Val

Gly

Ser

Gly

20

Ile

Leu

Lys

Ser

Asp

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Val

Pro

Lys

Val

Ala

Glu

85

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

Ser

Phe

Val

Ala

Pro

70

Ala

Pro

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro
390

Leu

Cys Leu Val Gly Met Ser Ala Val Ala
10 15

Gln Thr Tyr Pro Asp Cys Thr Lys Pro
25 30

Cys Asp Arg Thr Leu Pro Glu Ala Glu
40 45

Ala Leu Thr Asp Glu Glu Lys Leu Gln
55 60

Gly Ala Pro Arg Ile Gly Leu Pro Ala
75

Leu His Gly Val Ala His Ala Pro Gly
90 95

Gly Asp Phe Asn Ser Ser Thr Ser Phe
105 110

Ala Ala Phe Asp Asp Glu Leu Ile Glu
120 125

Thr Glu Ala Arg Ala Phe Gly Asn Ala
135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Asn Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gln Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro

Tyr

Pro

Arg

Asn

Tyr

80

Thr

Pro

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala
400

Leu
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-continued

284

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Ala

785

Pro

Gln

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly
770
Gly

Gly

Phe

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr

755

Asp

Asn

Thr

Ala

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly

740

Ala

Gly

Leu

Tyr

Leu
820

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu

725

Glu

Arg

Asp

Ala

Thr
805

Glu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Val

Arg
790

Leu

Gly

410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Thr Thr Pro Ile Arg Asp Leu Leu Arg
695 700

Asp Thr Cys Pro Leu Pro Pro Leu Thr
715

Glu Arg Ala Ser Asp Tyr Val Val Leu
730 735

Gly Pro Ala Pro Tyr Pro Ile Lys Thr
745 750

Arg Gly Leu Lys Pro Lys Gly Gly Thr
760 765

Ala Thr Thr Thr Val Ser Leu Asp Trp
775 780

His Asp Glu Arg Gly Asn Thr Ile Leu
795

Thr Leu Asp Glu Pro Ala Gln Ala Ser
810 815

Glu Pro Val Val Leu Asp Glu Trp Pro
825 830

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr

Tyr
800

Val

Ala
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Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg

835

<210> SEQ ID NO 48
<211> LENGTH: 2535

<212> TYPE:

DNA

840

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 48

atgaaggcct

cctttecaga

cggacactge

aagctgcaaa

aactggtgga

dggecggggy

ttcgacgacyg

ggcaacgccyg

cceegetgygy

gecgecteca

ggatccggag

tttgaggact

ctggecgagt

gtcatgtgeyg

aacacgatcc

tgcgaggecg

accggectet

atccegggeyg

cggetgtace

tegetggget

gtcgagggca

gatgtecgttyg

gacgcccegyg

gcgagcegecy

ggagactcgg

gecgactaca

cggatgacga

ggcaagcccyg

ctggacgggg

gtggtccgge

cecggecaact

aaccegggec

cactatacca

ctgtatcatg

cctacceega

c¢cgaggcegga

acctggteag

gegaggceget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

actacctgge

cctacaacge

tgcgcgggca

tcctegacgt

gettegagge

ccteegeagy

ggagcctggt

gggCCgant

tegtgetget

tcaccgetga

acaagctgtt

cceggeaget

acgaggagga

tegtetactt

thggtggCC

tegtggtgge

tgggCgCCgt

tgctcagegy

acaccgacgce

ggacctaccyg

cctteeggge

cctegtegge

ctgcaccaag

gcgggeggcea

caaggcgecg

gcacggggtyg

gtccacgteyg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

geegttecag

cgtcaacggyg

ctggaactgg

cteggeccac

cggcatggac

cggettectyg

gegggtegge

caaccggecec

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

dgcggegeayg

gcagatgggc

cctgtgggec

cgcegagage

ggtgccecty

ctggtacceg

cgagttegge

Synthetic

atgagcgeeg

ccececectgt

geectegtygyg

dgggegecge

geccacgege

ttceccgatge

gacgtcatcyg

tggaccceca

dgcgaggacyg

cgttectect

tcgacctgea

gacttcgacyg

cagtgegege

gtgcegtegt

accgagcacyg

caccactacg

acgagcetgeg

acctggeceeyg

tactttgacg

gaggcgeagy

aacgacacgc

cgecegegteg

ageggegege

gtcacggteyg

acggcgcecgg

gacacgtegg

ctggegetea

gaccagcteg

aactggcegyg

ceggeegged

accgacatga

actccegtec

ccccacccect

845

polynucleotide

tggcctacgyg

ccgatattaa

cagccctgac

ggatcggect

ccgggacgcea

cgectgetgat

gcaccgagge

acgtcaacce

tegtgegect

cctectecte

agcactacge

cecgteatcete

gegactegeg

gegecaacte

acaactacgt

ccgacaccaa

agtacgaggg

cegtegacey

gececgagte

agctggeect

tgcecgetgee

ccatgategyg

ccececttege

ccggagggcec

cegtegagge

¢ggcgggega

tcteggaget

acgacacgcc

gccaggacgg

gectgecegt

cecectgegece

ggcecttegg

tcttecegygy

cctegatgge

ggtgtgcgac

c¢gacgaggag

gecegegtac

gttecgegac

ggcegecgece

cegegecttt

cttecegggac

caagcgctac

ctgcetectte

cggcaacgac

ggcgcaggac

cgteggetee

gtacctcatg

caccagcgac

cgccgagggce

ctecctecgac

cgcectgacy

geegecacgece

gegegetgece

getgeeggac

cttetgggece

gegetegece

cgtectggag

ggccaaggac

gaccaaggac

ggCgngCtC

cctettegag

cggcacggec

gacccagtac

gteggegace

ctteggecte

dgcgggeaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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-continued
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 49
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 49

Met Lys Ala
1

Gly Leu Asp
Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Met Pro Leu
115

Val Gly Asp
130

Trp Ser Gly
145

Pro Arg Trp

Leu Lys Arg
Ser Ser Ser
195

Val Ile Ser
210

Asn Gly Thr
225

Leu Ala Glu

Ser Val Ser Cys Leu

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Leu Met Ala Ala Ala

120

Val Ile Gly Thr Glu

135

Leu Asp Tyr Trp Thr
150

Gly Arg Gly Ser Glu

165

Tyr Ala Ala Ser Met

180

Ser Ser Cys Ser Phe

200

Thr Cys Lys His Tyr

215

Thr Arg His Asp Phe
230

Tyr Tyr Leu Ala Pro

245

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile
75

Gly Val Ala

Phe Asn Ser

105

Phe Asp Asp

Ala Arg Ala

Pro Asn Val
155

Thr Pro Gly
170

Ile Arg Gly
185

Gly Ser Gly

Ala Gly Asn

Asp Ala Val
235

Phe Gln Gln
250

Synthetic polypeptide

Ser Ala Val
Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ser Thr Ser

110

Glu Leu Ile
125

Phe Gly Asn
140

Asn Pro Phe

Glu Asp Val

Leu Glu Gly
190

Gly Glu Pro
205

Asp Phe Glu
220

Ile Ser Ala

Cys Ala Arg

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr

80

Gly Thr

Phe Pro

Glu Ala

Ala Gly

Arg Asp

160

Val Arg
175

Arg Ser

Pro Arg

Asp Trp

Gln Asp

240

Asp Ser
255
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290

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr
625

Gly

Ser

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Lys

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys
660

Arg

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe
645

Gly

Thr

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro
630
Arg

Asp

Gln

Cys

Leu

Asn

295

His

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser

535

Asp

Val

Arg

Gln

Leu

615

Thr

Ala

Gly

Gln

Ala

Met

280

Tyr

His

Gly

Ala

Thr

360

Glu

Ala

Lys

Val

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Tyr

600

Arg

Pro

Glu

Asp

Gln

Tyr

265

Asn

Val

Tyr

Met

Ser

345

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gly
665

Gln

Asn

Thr

Thr

Ala

Asp

330

Ala

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly

650

Glu

Gln

Ala

Ile

Ser

Asp

315

Thr

Gly

Tyr

His

Leu

395

Asn

Asp

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro
635
Pro

Asp

Gln

Val

Leu

Asp

300

Thr

Ser

Gly

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu

540

Thr

Trp

Ala

Tyr

Thr

620

Phe

His

Lys

Gln

Asn

Arg

285

Cys

Asn

Cys

Phe

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Thr

605

Asn

Gly

Pro

Gly

Gln

Gly

270

Gly

Glu

Ala

Glu

Leu

350

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser

590

Asp

Pro

Phe

Phe

Glu
670

Gln

Val

His

Ala

Glu

Tyr

335

Thr

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln

575

Pro

Ala

Gly

Gly

Phe
655

Ser

Gln

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu
640
Pro

Lys

Arg
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675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Thr Gly
755 760 765

Ala Gly Asp Gly Asp Val Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 50

<211> LENGTH: 2535

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 50

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag caaggegecg ggggegecge ggatcggect geccgegtac 240

aactggtgga gcgaggeget geacggggtyg geccacgege cegggacgca gtteegegac 300

gggceggggyg acttcaactce gtccacgteg tteccgatge cgetgetgat ggecgecgec 360
ttcgacgacyg agctgatcga ggcegtegge gacgtcateg gecaccgagge ccgegecttt 420
ggcaacgceceg getggtecegg cectegactac tggaccccca acgtcaaccce ctteegggac 480
cceegetggyg gecegeggete cgagacgecg ggegaggacg tegtgegect caagegetac 540
gecgecteca tgatccegegg getegagggt cgttectect cctectecte ctgetectte 600
ggatccggag gggagcecegee gegegtcate tcgacctgeca agcactacge cggcaacgac 660
tttgaggact ggaacggcac gacgcggeac gacttecgacg cegtcatcte ggegcaggac 720
ctggccgagt actacctgge gecgttecag cagtgegege gegactegeg cgteggetcece 780
gtcatgtgceg cctacaacge cgtcaacggyg gtgcegtegt gegecaactce gtacctecatg 840
aacacgatce tgcgegggea ctggaactgg accgagecacg acaactacgt caccagcgac 900
tgcgaggeceg tcctegacgt cteggeccac caccactacg cegacaccaa cgecgaggge 960

accggectet gettegagge cggcatggac acgagetgeg agtacgaggg ctectcecgac 1020

atccegggeg ccteegeegg cggettectyg acctggeceg cegtegaceg cgecctgacg 1080

cggctgtace ggagcctggt gegggtegge tactttgacg geccccgagte gecgcacgcece 1140
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tegetggget gggecgacgt caaccggece gaggegeagg agetggeect gegegetgece 1200
gtcgagggca tcegtgctget caagaacgac aacgacacge tgecgetgeco getgecggac 1260
gatgtcgttyg tcaccgectga tggtggecge cgccgegteg ccatgatcgg cttetgggece 1320
gacgcceegg acaagcetgtt tggegggtac ageggegege cecccttege gegetegecc 1380
gegagegeceg cceggcaget gggetggaac gtcacggteg ceggagggeco cgtectggag 1440
ggagactcgg acgaggagga ggacacgtgg acggcegccgg cegtegagge ggectcetgac 1500
gecgactaca tcgtctactt tggeggectyg gacacgtegg cggcegggcega gaccaaggac 1560
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete 1620
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag 1680
ctggacgggyg tgggegecgt cctgtgggee aactggecgg gecaggacgg cggcacggec 1740
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 51
H: 845
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 51

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

Ser Val Ser Cys Leu

5

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Val Gly Met

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile

75

Gly Val Ala
90

Phe Asn Ser
105

Synthetic polypeptide

Ser Ala Val

Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60

Gly Leu Pro

His Ala Pro

Ser Thr Ser
110

Ala Tyr

Pro Pro

Glu Arg

Gln Asn

Ala Tyr
80

Gly Thr
95

Phe Pro
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295

-continued

296

Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ser

Ala
515

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu
485

Ala

Glu

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn
470
Glu

Asp

Thr

Ala Ala Phe Asp Asp Glu Leu Ile Glu
120 125

Thr Glu Ala Arg Ala Phe Gly Asn Ala
135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Asn Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu
480
Glu

Thr

Ala
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298

Ala Gln Leu
530

Val Val Val
545

Leu Asp Gly

Gly Gly Thr

Gly Arg Leu

595

Pro Leu Thr
610

Thr Tyr Arg
625

His Tyr Thr

Gly Ala Gly

Ser Glu Ile

675

Arg Ala Ala
690

Cys Asp Lys
705

Arg Val Thr

Phe Val Ser

Val Ser Tyr

755

Ala Gly Asp
770

Val Gly Asn
785

Pro Gly Thr

Gln Phe Ala

Pro Pro Ser
835

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Leu Ile Ser Glu

535

Gln Met Gly Asp Gln
550

Val Gly Ala Val Leu

565

Ala Val Val Arg Leu

580

Pro Val Thr Gln Tyr

600

Asp Met Thr Leu Arg

615

Trp Tyr Pro Thr Pro
630

Thr Phe Arg Ala Glu

645

Lys Gly Asp Gly Asp

660

Arg Thr Gln Gln Gln

680

Ala Ala Ala Thr Thr

695

Thr Tyr Pro Asp Thr
710

Asn Glu Gly Glu Arg

725

Gly Glu Tyr Gly Pro

740

Ala Arg Ala Arg Gly

760

Gly Asp Val Ala Thr

775

Leu Ala Arg His Asp
790

Tyr Thr Leu Thr Leu

805

Leu Glu Gly Glu Pro

820

Ala Asn Ser Thr Ala

D NO 52
H: 2535
DNA

840

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gly

665

Gln

Pro

Cys

Ala

Ala

745

Leu

Thr

Glu

Asp

Val

825

Arg

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 52

atgaaggcct

cctttecaga

cggacactge

aagctgcaaa

aactggtgga

ctgtatcatg

cctacceega

c¢cgaggcegga

acctggteag

gegaggceget

cctegtegge

ctgcaccaag

gcgggeggcea

caaggcgecg

gcacggggtyg

ic

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly

650

Glu

Gln

Ile

Pro

Ser

730

Pro

Lys

Thr

Arg

Glu

810

Val

Gly

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro

635

Pro

Asp

Gln

Arg

Leu

715

Asp

Tyr

Gly

Val

Gly

795

Pro

Leu

Arg

Leu Gly Lys
540

Thr Pro Leu

Trp Pro Gly

Ala Glu Ser

590

Tyr Thr Asp
605

Thr Asn Pro
620

Phe Gly Phe

His Pro Phe

Lys Gly Glu

670

Gln Gln Gln
685

Asp Leu Leu
700

Pro Pro Leu

Tyr Val Val

Pro Ile Lys

750

Lys Gly Gly
765

Ser Leu Asp
780

Asn Thr Ile

Ala Gln Ala

Asp Glu Trp
830

His Arg
845

polynucleotide

atgagcgeeg

ccececectgt

geectegtygyg

dgggegecge

geccacgege

tggcctacgyg

ccgatattaa

cagccctgac

ggatcggect

ccgggacgcea

Pro Val
Phe Glu
560

Gln Asp
575

Pro Ala

Ala Val

Gly Arg

Gly Leu

640

Phe Pro
655

Ser Lys

Gln Arg

Arg Asp

Thr Val

720

Leu Ala
735

Thr Leu

Thr Gly

Trp Thr

Leu Tyr
800

Ser Val
815

Pro Ala

cctegatgge
ggtgtgcgac
cgacgaggag
gecegegtac

gttecgegac

60

120

180

240

300
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300

gggceggggyg acttcaacte

ttcgacgacyg agctgatcga

ggcaacgcecg getggtecegyg

ceceegetggy gecegeggete

geegecteca tgatccegegyg

ggatccggag gggagccgcc

tttgaggact ggaacggcac

ctggeccegagt actacctgge

gtcatgtgeg cctacaacge

aacacgatce tgcgegggea

tgcgaggeceyg tcctegacgt

accggectet gettegagge

atccegggeyg ccteegecgyg

cggetgtace ggagectggt

tegetggget gggecgacgt

gtcgagggca tegtgetget

gatgtegttyg tcaccgctga

gacgcccegg acaagetgtt

gegagegecg cceggcagcet

ggagactcgg acgaggagga

gecgactaca tcegtctactt

cggatgacga tcgggtggec

ggcaagcceceg tegtggtggt

ctggacgggg tgggcgcegt

gtggtcegge tgctcagegyg

cecggecaact acaccgacge

aacccgggece ggacctaceg

cactatacca cctteeggge

ggcgatggeg acggcgagga

caacagcagc agcagcagca

ctgctecgeyg actgcgacaa

cgegtgacca acgagggcga

gagtacggge cggcgccgta

ctaaagggga agggcggcga

ctcgactgga ccgteggcaa

ccgggaactt acaccctcac

gagggcgage ccgtegtget

agggggagge acagg

<210> SEQ ID NO 53

gtccacgteyg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

geegttecag

cgtcaacggyg

ctggaactgg

cteggeccac

cggcatggac

cggettectyg

gegggtegge

caaccggecec

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

dgcggegeayg

gcagatgggc

cctgtgggec

cgcegagage

ggtgccecty

ctggtacceg

cgagttegge

caagggcgag

dcgcagggceyg

gacgtacccyg

gegegegtee

cccgatcaag

cggcgacggc

cctggecege

tctegacgag

cgacgagtgg

ttceccgatge

gacgtcatcyg

tggaccceca

dgcgaggacyg

cgttectect

tcgacctgea

gacttcgacyg

cagtgegege

gtgcegtegt

accgagcacyg

caccactacg

acgagcetgeg

acctggeceeyg

tactttgacg

gaggcgeagy

aacgacacgc

cgecegegteg

ageggegege

gtcacggteyg

acggcgcecgg

gacacgtegg

ctggegetea

gaccagcteg

aactggcegyg

ceggeegged

accgacatga

actccegtec

ccccacccect

agcaagagcg

gcggeggcgy

gacacgtgce

gactacgtgg

acgctggtet

gacggcgacg

cacgacgagc

ceggeccagyg

cctgegecge

cgctgetgat ggecgecgece

gcaccgagge ccgegecttt

acgtcaacce cttecegggac

tcgtgegect caagegetac

cctectecte ctgetectte

agcactacgce cggcaacgac

cegtcatete ggcegcaggac

gegactegeg cgteggetece

gegecaacte gtacctcatg

acaactacgt caccagcgac

ccgacaccaa cgccgaggyge

agtacgaggg ctcctecgac

cegtegaceyg cgecctgacyg

gececgagte gecgecacgece

agctggeect gegegetgee

tgcegetgee getgecggac

ccatgategg cttetgggece

ccececttege gegetegece

ceggagggee cgtectggag

cegtegagge ggccgecgac

cggegggcega gaccaaggac

tcteggaget ggcegeggete

acgacacgcce cctettegag

gecaggacgg cggcacggece

gectgecegt gacccagtac

cecctgegece gteggegace

ggcecttegyg ctteggecte

tetteceggy ggcgggcaayg

agatcaggac gcagcagcag

ccaccacgee gatccgggac

cgectgecgee getgacggty

tgctggectt cgtgteggge

cgtacgegeg ggcgegeggy

gegecaccac taccgteteg

geggcaacac agtcctgtac

cgagegtgca gttegeccte

cgagtgccaa ctccaccgec

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2535
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-continued

<211> LENGTH: 845

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 53

Met Lys Ala Ser Val Ser Cys Leu Val Gly Met Ser Ala Val Ala Tyr
1 5 10 15

Gly Leu Asp Gly Pro Phe Gln Thr Tyr Pro Asp Cys Thr Lys Pro Pro
20 25 30

Leu Ser Asp Ile Lys Val Cys Asp Arg Thr Leu Pro Glu Ala Glu Arg
35 40 45

Ala Ala Ala Leu Val Ala Ala Leu Thr Asp Glu Glu Lys Leu Gln Asn
50 55 60

Leu Val Ser Lys Ala Pro Gly Ala Pro Arg Ile Gly Leu Pro Ala Tyr
65 70 75 80

Asn Trp Trp Ser Glu Ala Leu His Gly Val Ala His Ala Pro Gly Thr
85 90 95

Gln Phe Arg Asp Gly Pro Gly Asp Phe Asn Ser Ser Thr Ser Phe Pro
100 105 110

Met Pro Leu Leu Met Ala Ala Ala Phe Asp Asp Glu Leu Ile Glu Ala
115 120 125

Val Gly Asp Val Ile Gly Thr Glu Ala Arg Ala Phe Gly Asn Ala Gly
130 135 140

Trp Ser Gly Leu Asp Tyr Trp Thr Pro Asn Val Asn Pro Phe Arg Asp
145 150 155 160

Pro Arg Trp Gly Arg Gly Ser Glu Thr Pro Gly Glu Asp Val Val Arg
165 170 175

Leu Lys Arg Tyr Ala Ala Ser Met Ile Arg Gly Leu Glu Gly Arg Ser
180 185 190

Ser Ser Ser Ser Ser Cys Ser Phe Gly Ser Gly Gly Glu Pro Pro Arg
195 200 205

Val Ile Ser Thr Cys Lys His Tyr Ala Gly Asn Asp Phe Glu Asp Trp
210 215 220

Asn Gly Thr Thr Arg His Asp Phe Asp Ala Val Ile Ser Ala Gln Asp
225 230 235 240

Leu Ala Glu Tyr Tyr Leu Ala Pro Phe Gln Gln Cys Ala Arg Asp Ser
245 250 255

Arg Val Gly Ser Val Met Cys Ala Tyr Asn Ala Val Asn Gly Val Pro
260 265 270

Ser Cys Ala Asn Ser Tyr Leu Met Asn Thr Ile Leu Arg Gly His Trp
275 280 285

Asn Trp Thr Glu His Asp Asn Tyr Val Thr Ser Asp Cys Glu Ala Val
290 295 300

Leu Asp Val Ser Ala His His His Tyr Ala Asp Thr Asn Ala Glu Gly
305 310 315 320

Thr Gly Leu Cys Phe Glu Ala Gly Met Asp Thr Ser Cys Glu Tyr Glu
325 330 335

Gly Ser Ser Asp Ile Pro Gly Ala Ser Ala Gly Gly Phe Leu Thr Trp
340 345 350

Pro Ala Val Asp Arg Ala Leu Thr Arg Leu Tyr Arg Ser Leu Val Arg
355 360 365

Val Gly Tyr Phe Asp Gly Pro Glu Ser Pro His Ala Ser Leu Gly Trp
370 375 380
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303

-continued

304

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

Ala

785

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly

770

Gly

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr
755

Asp

Asn

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly

740

Ala

Gly

Leu

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu

725

Glu

Arg

Asp

Ala

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Val

Arg
790

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Thr Thr Pro Ile Arg Asp Leu Leu Arg
695 700

Asp Thr Cys Pro Leu Pro Pro Leu Thr
715

Glu Arg Ala Ser Asp Tyr Val Val Leu
730 735

Gly Pro Ala Pro Tyr Pro Ile Lys Thr
745 750

Arg Gly Leu Lys Gly Lys Gly Gly Thr
760 765

Ala Thr Thr Thr Val Ser Leu Asp Trp
775 780

His Asp Glu Arg Gly Asn Thr Val Leu
795

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr

Tyr
800
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306

Pro Gly Thr

Gln Phe Ala

Pro Pro Ser
835

<210> SEQ I
<211> LENGT.
<212> TYPE:

Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val

805

810

815

Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala

820

825

830

Ala Asn Ser Thr Ala Arg Gly Arg His Arg

D NO 54
H: 2535
DNA

840

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUE:

atgaaggcct

cctttecaga

cggacactge

aagctgcaaa

aactggtgga

dggecggggy

ttcgacgacyg

ggcaacgccyg

cceegetgygy

gecgecteca

ggatccggag

tttgaggact

ctggecgagt

gtcatgtgeyg

aacacgatcc

tgcgaggecg

accggectet

atccegggeyg

cggetgtace

tegetggget

gtcgagggca

gatgtecgttyg

gacgcccegyg

gcgagcegecy

ggagactcgg

gecgactaca

cggatgacga

ggcaagcccyg

ctggacgggg

gtggtccgge

NCE: 54

ctgtatcatg

cctacceega

c¢cgaggcegga

acctggteag

gegaggceget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

actacctgge

cctacaacge

tgcgcgggca

tcctegacgt

gettegagge

ccteegeagy

ggagcctggt

gggCCgant

tegtgetget

tcaccgetga

acaagctgtt

cceggeaget

acgaggagga

tegtetactt

thggtggCC

tegtggtgge

tgggCgCCgt

tgctcagegy

cctegtegge

ctgcaccaag

gcgggeggcea

caaggcgecg

gcacggggtyg

gtccacgteyg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

geegttecag

cgtcaacggyg

ctggaactgg

cteggeccac

cggcatggac

cggettectyg

gegggtegge

caaccggecec

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

dgcggegeayg

gcagatgggc

cctgtgggec

cgcegagage

845

ic polynucleotide

atgagcgeeg

ggceccectgt

geectegtygyg

dgggegecge

geccacgege

ttceccgatge

gacgtcatcyg

tggaccceca

dgcgaggacyg

cgttectect

tcgacctgea

gacttcgacyg

cagtgegege

gtgcegtegt

accgagcacyg

caccactacg

acgagcetgeg

acctggeceeyg

tactttgacg

gaggcgeagy

aacgacacgc

cgecegegteg

ageggegege

gtcacggteyg

acggcgcecgg

gacacgtegg

ctggegetea

gaccagcteg

aactggcegyg

ceggeegged

tggcctacgyg

ccgatattaa

cagccctgac

ggatcggect

ccgggacgcea

cgectgetgat

gcaccgagge

acgtcaacce

tegtgegect

cctectecte

agcactacge

cecgteatcete

gegactegeg

gegecaacte

acaactacgt

ccgacaccaa

agtacgaggg

cegtegacey

gececgagte

agctggeect

tgcecgetgee

ccatgategyg
ccececttege

ccggagggcec

cegtegagge

¢ggcgggega

tcteggaget

acgacacgcc

gccaggacgg

gectgecegt

cctegatgge

ggtgtgcgac

c¢gacgaggag

gecegegtac

gttecgegac

ggcegecgece

cegegecttt

cttecegggac

caagcgctac

ctgcetectte

cggcaacgac

ggcgcaggac

cgteggetee

gtacctcatg

caccagcgac

cgccgagggce

ctecctecgac

cgcectgacy

geegtacgece

gegegetgece

getgeeggac

cttetgggece

gegetegece

cgtectggag

ggcegecgac

gaccaaggac

ggCgngCtC

cctettegag

cggcacggec

gacccagtac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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308

-continued
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ ID NO 55
<211> LENGTH: 845

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 55

Met Lys Ala Ser Val Ser Cys Leu

1

Gly Leu Asp

Leu Ser Asp

35

Ala Ala Ala

50

Leu Val Ser

65

Asn Trp Trp

Gln Phe Arg

5

Gly Pro Phe Gln Thr

20

Ile Lys Val Cys Asp

40

Leu Val Ala Ala Leu

55

Lys Ala Pro Gly Ala

70

Ser Glu Ala Leu His

85

Asp Gly Pro Gly Asp

100

Met Pro Leu Leu Met Ala Ala Ala

115

Val Gly Asp

130

120

Val Ile Gly Thr Glu

135

Trp Ser Gly Leu Asp Tyr Trp Thr
150

145

Pro Arg Trp

Leu Lys Arg

Ser Ser Ser

195

Val Ile Ser

210

Asn Gly Thr

Gly Arg Gly Ser Glu

165

Tyr Ala Ala Ser Met

180

Ser Ser Cys Ser Phe

200

Thr Cys Lys His Tyr

215

Thr Arg His Asp Phe

Val

Tyr

25

Arg

Thr

Pro

Gly

Phe

105

Phe

Ala

Pro

Thr

Ile
185
Gly

Ala

Asp

Gly

Pro

Thr

Asp

Arg

Val

90

Asn

Asp

Arg

Asn

Pro

170

Arg

Ser

Gly

Ala

Met

Asp

Leu

Glu

Ile

Ala

Ser

Asp

Ala

Val

155

Gly

Gly

Gly

Asn

Val

Synthetic polypeptide

Ser Ala Val

Cys Thr Lys

30

Pro Glu Ala

45

Ala Tyr

Gly Pro

Glu Arg

Glu Lys Leu Gln Asn

60

Gly Leu Pro

His Ala Pro

Ser Thr Ser

110

Glu Leu Ile

125

Ala Tyr
80

Gly Thr
95

Phe Pro

Glu Ala

Phe Gly Asn Ala Gly

140

Asn Pro Phe

Glu Asp Val

Arg Asp
160

Val Arg
175

Leu Glu Gly Arg Ser

190

Gly Glu Pro

205

Pro Arg

Asp Phe Glu Asp Trp

220

Ile Ser Ala

Gln Asp
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310

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr
625

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu
610

Tyr

Tyr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu
595
Thr

Arg

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe
645

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro
630

Arg

Ala

Cys

Leu

Asn

295

His

Ala

Gly

Leu

Pro

375

Glu

Leu

Val

Trp

Pro

455

Val

Glu

Tyr

Lys

Ser

535

Asp

Val

Arg

Gln

Leu
615

Thr

Ala

Pro

Ala

Met

280

Tyr

His

Gly

Ala

Thr

360

Glu

Ala

Lys

Val

Ala

440

Phe

Thr

Asp

Ile

Asp

520

Glu

Gln

Leu

Leu

Tyr
600
Arg

Pro

Glu

Phe

Tyr

265

Asn

Val

Tyr

Met

Ser

345

Arg

Ser

Gln

Asn

Thr

425

Asp

Ala

Val

Thr

Val

505

Arg

Leu

Leu

Trp

Leu

585

Pro

Pro

Val

Phe

Gln

250

Asn

Thr

Thr

Ala

Asp

330

Ala

Leu

Pro

Glu

Asp

410

Ala

Ala

Arg

Ala

Trp

490

Tyr

Met

Ala

Asp

Ala

570

Ser

Ala

Ser

Arg

Gly
650

235

Gln

Ala

Ile

Ser

Asp

315

Thr

Gly

Tyr

Tyr

Leu

395

Asn

Asp

Pro

Ser

Gly

475

Thr

Phe

Thr

Arg

Asp

555

Asn

Gly

Asn

Ala

Pro
635

Pro

Cys

Val

Leu

Asp

300

Thr

Ser

Gly

Arg

Ala

380

Ala

Asp

Gly

Asp

Pro

460

Gly

Ala

Gly

Ile

Leu

540

Thr

Trp

Ala

Tyr

Thr
620

Phe

His

Ala

Asn

Arg

285

Cys

Asn

Cys

Phe

Ser

365

Ser

Leu

Thr

Gly

Lys

445

Ala

Pro

Pro

Gly

Gly

525

Gly

Pro

Pro

Glu

Thr
605
Asn

Gly

Pro

Arg

Gly

270

Gly

Glu

Ala

Glu

Leu

350

Leu

Leu

Arg

Leu

Arg

430

Leu

Ser

Val

Ala

Leu

510

Trp

Lys

Leu

Gly

Ser

590

Asp

Pro

Phe

Phe

Asp

255

Val

His

Ala

Glu

Tyr

335

Thr

Val

Gly

Ala

Pro

415

Arg

Phe

Ala

Leu

Val

495

Asp

Pro

Pro

Phe

Gln

575

Pro

Ala

Gly

Gly

Phe
655

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu
640

Pro
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Gly Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys
660 665 670

Ser Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg
675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Thr Gly
755 760 765

Ala Gly Asp Gly Asp Val Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 56

<211> LENGTH: 2535

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 56

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120
cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag caaggegecg ggggegecge ggatcggect geccgegtac 240

aactggtgga gcgaggeget geacggggtyg geccacgege cegggacgca gtteegegac 300

gggceggggyg acttcaactce gtccacgteg tteccgatge cgetgetgat ggecgecgec 360
ttcgacgacyg agctgatcga ggcegtegge gacgtcateg gecaccgagge ccgegecttt 420
ggcaacgceceg getggtecegg cectegactac tggaccccca acgtcaaccce ctteegggac 480
cceegetggyg gecegeggete cgagacgecg ggegaggacg tegtgegect caagegetac 540
gecgecteca tgatccegegg getegagggt cgttectect cctectecte ctgetectte 600
ggatccggag gggagcecegee gegegtcate tcgacctgeca agcactacge cggcaacgac 660
tttgaggact ggaacggcac gacgcggeac gacttecgacg cegtcatcte ggegcaggac 720
ctggccgagt actacctgge gecgttecag cagtgegege gegactegeg cgteggetcece 780
gtcatgtgceg cctacaacge cgtcaacggyg gtgcegtegt gegecaactce gtacctecatg 840
aacacgatce tgcgegggea ctggaactgg accgagecacg acaactacgt caccagcgac 900
tgcgaggeceg tcctegacgt cteggeccac caccactacg cegacaccaa cgecgaggge 960

accggectet gettegagge cggcatggac acgagetgeg agtacgaggg ctectcecgac 1020



313

US 9,476,077 B2

314

-continued
atccegggeg ccteegeegg cggettectyg acctggeceg cegtegaceg cgecctgacg 1080
cggctgtace ggagcctggt gegggtegge tactttgacg geccccgagte gecgcacgcece 1140
tegetggget gggecgacgt caaccggece gaggegeagg agetggeect gegegetgece 1200
gtcgagggca tcegtgctget caagaacgac aacgacacge tgecgetgeco getgecggac 1260
gatgtcgttyg tcaccgectga tggtggecge cgccgegteg ccatgatcgg cttetgggece 1320
gacgcceegg acaagcetgtt tggegggtac ageggegege cecccttege gegetegecc 1380
gegagegeceg cceggcaget gggetggaac gtcacggteg ceggagggeco cgtectggag 1440
ggagactcgg acgaggagga ggacacgtgg acggcegccgg cegtegagge ggecgecgac 1500
gecgactaca tcgtctactt tggeggectyg gacacgtegg cggcegggcega gaccaaggac 1560
cggatgacga tcgggtggece ggeggegeag ctggegetea teteggaget ggegeggete 1620
ggcaagcceg tegtggtggt gcagatggge gaccageteg acgacacgec cctettegag 1680
ctggacgggyg tgggegecgt cctgtgggee aactggecgg gecaggacgg cggcacggec 1740
gtggtcegge tgctcagegg cgccgagage ccggcecggee gectgecegt gacccagtac 1800
ccggecaact acaccgacge ggtgeccctg accgacatga cectgegece gteggegace 1860
aacccgggece ggacctacceg ctggtaccceg actecccecgtece ggceccecttegg ctteggecte 1920
cactatacca cctteccggge cgagttegge ccccaccect tettececcggg ggcgggcaag 1980
ggcgatggeg acggcgagga caagggcgag agcaagagceg agatcaggac gcagcageag 2040
caacagcagce agcagcagca gogcagggeg geggeggegg ccaccacgece gatccegggac 2100
ctgcteegeg actgcegacaa gacgtacceg gacacgtgec cgetgecgee getgacggtg 2160
cgcgtgacca acgagggcga gcegcgcegtcee gactacgtgg tgctggectt cgtgtegggce 2220
gagtacggge cggcgccegta cccgatcaag acgctggtet cgtacgegeyg ggegegeggyg 2280
ctaaagggga agggcggcga cggcgacgge gacggcgacg gegecaccac taccgtceteg 2340
ctcgactgga ccgteggeaa cctggecege cacgacgage geggcaacac aatcctgtac 2400
ccgggaactt acaccctcac tcetegacgag ccggeccagg cgagegtgca gttegeccte 2460
gagggcgage ccgtegtget cgacgagtgg cctgegecge cgagtgccaa ctecaccegec 2520
agggggagge acagg 2535

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 57
H: 845
PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUE:

Met Lys Ala
1

Gly Leu Asp

Leu Ser Asp
35

Ala Ala Ala
50

Leu Val Ser
65

Asn Trp Trp

Gln Phe Arg

NCE: 57

Ser Val Ser Cys Leu

Gly Pro Phe Gln Thr
20

Ile Lys Val Cys Asp
40

Leu Val Ala Ala Leu
55

Lys Ala Pro Gly Ala
70

Ser Glu Ala Leu His
85

Asp Gly Pro Gly Asp

Val Gly Met
10

Tyr Pro Asp
25

Arg Thr Leu

Thr Asp Glu

Pro Arg Ile
75

Gly Val Ala
90

Phe Asn Ser

Ser Ala Val

Cys Thr Lys
30

Pro Glu Ala
45

Glu Lys Leu
60
Gly Leu Pro

His Ala Pro

Ser Thr Ser

Ala Tyr
15

Pro Pro

Glu Arg

Gln Asn

Ala Tyr
80

Gly Thr
95

Phe Pro
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Met

Trp
145
Pro

Leu

Ser

Asn

225

Leu

Arg

Ser

Asn

Leu

305

Thr

Gly

Pro

Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Pro

Gly

130

Ser

Arg

Lys

Ser

Ile

210

Gly

Ala

Val

Cys

Trp

290

Asp

Gly

Ser

Ala

Gly

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Leu

115

Asp

Gly

Trp

Arg

Ser

195

Ser

Thr

Glu

Gly

Ala

275

Thr

Val

Leu

Ser

Val

355

Tyr

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala
515

100

Leu

Val

Leu

Gly

Tyr

180

Ser

Thr

Thr

Tyr

Ser

260

Asn

Glu

Ser

Cys

Asp

340

Asp

Phe

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Met

Ile

Asp

Arg

165

Ala

Ser

Cys

Arg

Tyr

245

Val

Ser

His

Ala

Phe

325

Ile

Arg

Asp

Arg

Val

405

Asp

Gly

Ala

Trp

Glu
485

Ala

Glu

Ala

Gly

Tyr

150

Gly

Ala

Cys

Lys

His

230

Leu

Met

Tyr

Asp

His

310

Glu

Pro

Ala

Gly

Pro

390

Leu

Val

Phe

Pro

Asn
470
Glu

Asp

Thr

105 110

Ala Ala Phe Asp Asp Glu Leu Ile Glu
120 125

Thr Glu Ala Arg Ala Phe Gly Asn Ala
135 140

Trp Thr Pro Asn Val Asn Pro Phe Arg
155

Ser Glu Thr Pro Gly Glu Asp Val Val
170 175

Ser Met Ile Arg Gly Leu Glu Gly Arg
185 190

Ser Phe Gly Ser Gly Gly Glu Pro Pro
200 205

His Tyr Ala Gly Asn Asp Phe Glu Asp
215 220

Asp Phe Asp Ala Val Ile Ser Ala Gln
235

Ala Pro Phe Gln Gln Cys Ala Arg Asp
250 255

Cys Ala Tyr Asn Ala Val Asn Gly Val
265 270

Leu Met Asn Thr Ile Leu Arg Gly His
280 285

Asn Tyr Val Thr Ser Asp Cys Glu Ala
295 300

His His Tyr Ala Asp Thr Asn Ala Glu
315

Ala Gly Met Asp Thr Ser Cys Glu Tyr
330 335

Gly Ala Ser Ala Gly Gly Phe Leu Thr
345 350

Leu Thr Arg Leu Tyr Arg Ser Leu Val
360 365

Pro Glu Ser Pro His Ala Ser Leu Gly
375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ala

Gly

Asp

160

Arg

Ser

Arg

Trp

Asp

240

Ser

Pro

Trp

Val

Gly

320

Glu

Trp

Arg

Trp

Ala

400

Leu

Arg

Gly

Ala

Glu
480
Glu

Thr

Ala
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Ala Gln Leu Ala Leu Ile Ser Glu Leu Ala Arg Leu Gly Lys Pro Val
530 535 540

Val Val Val Gln Met Gly Asp Gln Leu Asp Asp Thr Pro Leu Phe Glu
545 550 555 560

Leu Asp Gly Val Gly Ala Val Leu Trp Ala Asn Trp Pro Gly Gln Asp
565 570 575

Gly Gly Thr Ala Val Val Arg Leu Leu Ser Gly Ala Glu Ser Pro Ala
580 585 590

Gly Arg Leu Pro Val Thr Gln Tyr Pro Ala Asn Tyr Thr Asp Ala Val
595 600 605

Pro Leu Thr Asp Met Thr Leu Arg Pro Ser Ala Thr Asn Pro Gly Arg
610 615 620

Thr Tyr Arg Trp Tyr Pro Thr Pro Val Arg Pro Phe Gly Phe Gly Leu
625 630 635 640

His Tyr Thr Thr Phe Arg Ala Glu Phe Gly Pro His Pro Phe Phe Pro
645 650 655

Gly Ala Gly Lys Gly Asp Gly Asp Gly Glu Asp Lys Gly Glu Ser Lys
660 665 670

Ser Glu Ile Arg Thr Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Arg
675 680 685

Arg Ala Ala Ala Ala Ala Thr Thr Pro Ile Arg Asp Leu Leu Arg Asp
690 695 700

Cys Asp Lys Thr Tyr Pro Asp Thr Cys Pro Leu Pro Pro Leu Thr Val
705 710 715 720

Arg Val Thr Asn Glu Gly Glu Arg Ala Ser Asp Tyr Val Val Leu Ala
725 730 735

Phe Val Ser Gly Glu Tyr Gly Pro Ala Pro Tyr Pro Ile Lys Thr Leu
740 745 750

Val Ser Tyr Ala Arg Ala Arg Gly Leu Lys Gly Lys Gly Gly Asp Gly
755 760 765

Asp Gly Asp Gly Asp Gly Ala Thr Thr Thr Val Ser Leu Asp Trp Thr
770 775 780

Val Gly Asn Leu Ala Arg His Asp Glu Arg Gly Asn Thr Ile Leu Tyr
785 790 795 800

Pro Gly Thr Tyr Thr Leu Thr Leu Asp Glu Pro Ala Gln Ala Ser Val
805 810 815

Gln Phe Ala Leu Glu Gly Glu Pro Val Val Leu Asp Glu Trp Pro Ala
820 825 830

Pro Pro Ser Ala Asn Ser Thr Ala Arg Gly Arg His Arg
835 840 845

<210> SEQ ID NO 58

<211> LENGTH: 2535

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 58

atgaaggcct ctgtatcatg cctegtegge atgagegeeg tggectacgg cctegatgge 60
cctttecaga cctaccccga ctgcaccaag ccccccctgt cegatattaa ggtgtgegac 120

cggacactge ccgaggcegga goegggeggea geectegtgg cagecctgac cgacgaggag 180

aagctgcaaa acctggtcag caaggegecg ggggegecge ggatcggect geccgegtac 240
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aactggtgga

dggecggggy

ttcgacgacyg

ggcaacgccyg

cceegetgygy

gecgecteca

ggatccggag

tttgaggact

ctggecgagt

gtcatgtgeyg

aacacgatcc

tgcgaggecg

accggectet

atccegggeyg

cggetgtace

tegetggget

gtcgagggca

gatgtecgttyg

gacgcccegyg

gcgagcegecy

ggagactcgg

gecgactaca

cggatgacga

ggcaagcccyg

ctggacgggg

gtggtccgge

cecggecaact

aaccegggec

cactatacca

ggcgatggeg

caacagcagc

ctgeteegeg

cgegtgacca

gagtacgggc

ctaaagggga

ctcgactgga

ccgggaactt

dagggcegage

agggggagge

gegaggceget

acttcaactc

agctgatcga

gCtggtCng

geegeggete

tgatcecgegy

gggagccgcc

ggaacggcac

actacctgge

cctacaacge

tgcgcgggca

tcctegacgt

gettegagge

ccteegeagy

ggagcctggt

gggCCgant

tegtgetget

tcaccgetga

acaagctgtt

cceggeaget

acgaggagga

tegtetactt

thggtggCC

tegtggtgge

tgggCgCCgt

tgctcagegy

acaccgacgce

ggacctaccyg

cctteeggge

acggcgagga

agcagcagca

actgcgacaa

acgagggcga

cggegecgta

agggeggega

cegteggeaa

acaccctcac

cegtegtget

acagg

gcacggggtyg

gtccacgteyg

ggCCgthgC

cctegactac

cgagacgecg

gctcgagggt

gegegteate

gacgcggcac

geegttecag

cgtcaacggyg

ctggaactgg

cteggeccac

cggcatggac

cggettectyg

gegggtegge

caaccggecec

caagaacgac

tggtggCCgC

tggcgggtac

gggctggaac

ggacacgtgg

tggngCCtg

dgcggegeayg

gcagatgggc

cctgtgggec

cgcegagage

ggtgccecty

ctggtacceg

cgagttegge

caagggcgag

dcgcagggceyg

gacgtacccyg

gegegegtee

cccgatcaag

cggcgacggc

cctggecege

tctegacgag

cgacgagtgg

geccacgege

ttceccgatge

gacgtcatcyg

tggaccceca

dgcgaggacyg

cgttectect

tcgacctgea

gacttcgacyg

cagtgegege

gtgcegtegt

accgagcacyg

caccactacg

acgagcetgeg

acctggeceeyg

tactttgacg

gaggcgeagy

aacgacacgc

cgecegegteg

ageggegege

gtcacggteyg

acggcgcecgg

gacacgtegg

ctggegetea

gaccagcteg

aactggcegyg

ceggeegged

accgacatga

actccegtec

ccccacccect

agcaagagcg

gcggeggcgy

gacacgtgce

gactacgtgg

acgctggtet

gacggcgacg

cacgacgagc

ceggeccagyg

cctgegecge

ccgggacgca attccgegac

cgctgetgat ggecgecgece

gcaccgagge ccgegecttt

acgtcaacce cttecegggac

tcgtgegect caagegetac

cctectecte ctgetectte

agcactacgce cggctacgac

cegtcatete ggcegcaggac

gegactegeg cgteggetece

gegecaacte gtacctcatg

acaactacgt caccagcgac

ccgacaccaa cgccgaggyge

agtacgaggg ctcctecgac

cegtegaceyg cgecctgacyg

gececgagte gecgecacgece

agctggeect gegegetgee

tgcegetgee getgecggac

ccatgategg cttetgggece

ccececttege gegetegece

ceggagggee cgtectggag

cegtegagge ggccgecgac

cggegggcega gaccaaggac

tcteggaget ggcegeggete

acgacacgcce cctettegag

gecaggacgg cggcacggece

gectgecegt gacccagtac

cecctgegece gteggegace

ggcecttegyg ctteggecte

tetteceggy ggcgggcaayg

agatcaggac gcagcagcag

ccaccacgee gatccgggac

cgectgecgee getgacggty

tgctggectt cgtgteggge

cgtacgegeg ggcgegeggy

gegecaccac taccgteteg

geggcaacac aatcctgtac

cgagegtgca gttegeccte

cgagtgccaa ctccaccgec

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2535
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<210> SEQ ID NO 59

<211> LENGTH: 845

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 59

Met Lys Ala Ser Val Ser Cys Leu Val Gly Met Ser Ala Val Ala Tyr
1 5 10 15

Gly Leu Asp Gly Pro Phe Gln Thr Tyr Pro Asp Cys Thr Lys Pro Pro
20 25 30

Leu Ser Asp Ile Lys Val Cys Asp Arg Thr Leu Pro Glu Ala Glu Arg
35 40 45

Ala Ala Ala Leu Val Ala Ala Leu Thr Asp Glu Glu Lys Leu Gln Asn
50 55 60

Leu Val Ser Lys Ala Pro Gly Ala Pro Arg Ile Gly Leu Pro Ala Tyr
65 70 75 80

Asn Trp Trp Ser Glu Ala Leu His Gly Val Ala His Ala Pro Gly Thr
85 90 95

Gln Phe Arg Asp Gly Pro Gly Asp Phe Asn Ser Ser Thr Ser Phe Pro
100 105 110

Met Pro Leu Leu Met Ala Ala Ala Phe Asp Asp Glu Leu Ile Glu Ala
115 120 125

Val Gly Asp Val Ile Gly Thr Glu Ala Arg Ala Phe Gly Asn Ala Gly
130 135 140

Trp Ser Gly Leu Asp Tyr Trp Thr Pro Asn Val Asn Pro Phe Arg Asp
145 150 155 160

Pro Arg Trp Gly Arg Gly Ser Glu Thr Pro Gly Glu Asp Val Val Arg
165 170 175

Leu Lys Arg Tyr Ala Ala Ser Met Ile Arg Gly Leu Glu Gly Arg Ser
180 185 190

Ser Ser Ser Ser Ser Cys Ser Phe Gly Ser Gly Gly Glu Pro Pro Arg
195 200 205

Val Ile Ser Thr Cys Lys His Tyr Ala Gly Tyr Asp Phe Glu Asp Trp
210 215 220

Asn Gly Thr Thr Arg His Asp Phe Asp Ala Val Ile Ser Ala Gln Asp
225 230 235 240

Leu Ala Glu Tyr Tyr Leu Ala Pro Phe Gln Gln Cys Ala Arg Asp Ser
245 250 255

Arg Val Gly Ser Val Met Cys Ala Tyr Asn Ala Val Asn Gly Val Pro
260 265 270

Ser Cys Ala Asn Ser Tyr Leu Met Asn Thr Ile Leu Arg Gly His Trp
275 280 285

Asn Trp Thr Glu His Asp Asn Tyr Val Thr Ser Asp Cys Glu Ala Val
290 295 300

Leu Asp Val Ser Ala His His His Tyr Ala Asp Thr Asn Ala Glu Gly
305 310 315 320

Thr Gly Leu Cys Phe Glu Ala Gly Met Asp Thr Ser Cys Glu Tyr Glu
325 330 335

Gly Ser Ser Asp Ile Pro Gly Ala Ser Ala Gly Gly Phe Leu Thr Trp
340 345 350

Pro Ala Val Asp Arg Ala Leu Thr Arg Leu Tyr Arg Ser Leu Val Arg
355 360 365

Val Gly Tyr Phe Asp Gly Pro Glu Ser Pro His Ala Ser Leu Gly Trp
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Ala
385

Pro

Gly

Arg

465

Gly

Ala

Ser

Ala

545

Leu

Gly

Gly

Pro

Thr

625

Gly

Ser

Arg

Cys

705

Arg

Phe

370

Asp

Glu

Leu

Ala

Tyr

450

Gln

Asp

Ala

Ala

Gln

530

Val

Asp

Gly

Arg

Leu

610

Tyr

Tyr

Ala

Glu

Ala

690

Asp

Val

Val

Ser

Gly
770

Gly

Val

Gly

Pro

Met

435

Ser

Leu

Ser

Ala

Ala

515

Leu

Val

Gly

Thr

Leu

595

Thr

Arg

Thr

Gly

Ile

675

Ala

Lys

Thr

Ser

Tyr
755

Asp

Asn

Asn

Ile

Asp

420

Ile

Gly

Gly

Asp

Asp

500

Gly

Ala

Gln

Val

Ala

580

Pro

Asp

Trp

Thr

Lys

660

Arg

Ala

Thr

Asn

Gly
740
Ala

Gly

Leu

Arg

Val

405

Asp

Gly

Ala

Trp

Glu

485

Ala

Glu

Leu

Met

Gly

565

Val

Val

Met

Tyr

Phe

645

Gly

Thr

Ala

Tyr

Glu

725

Glu

Arg

Asp

Ala

Pro

390

Leu

Val

Phe

Pro

Asn

470

Glu

Asp

Thr

Ile

Gly

550

Ala

Val

Thr

Thr

Pro

630

Arg

Asp

Gln

Ala

Pro

710

Gly

Tyr

Ala

Gly

Arg
790

375 380

Glu Ala Gln Glu Leu Ala Leu Arg Ala
395

Leu Lys Asn Asp Asn Asp Thr Leu Pro
410 415

Val Val Thr Ala Asp Gly Gly Arg Arg
425 430

Trp Ala Asp Ala Pro Asp Lys Leu Phe
440 445

Pro Phe Ala Arg Ser Pro Ala Ser Ala
455 460

Val Thr Val Ala Gly Gly Pro Val Leu
475

Glu Asp Thr Trp Thr Ala Pro Ala Val
490 495

Tyr Ile Val Tyr Phe Gly Gly Leu Asp
505 510

Lys Asp Arg Met Thr Ile Gly Trp Pro
520 525

Ser Glu Leu Ala Arg Leu Gly Lys Pro
535 540

Asp Gln Leu Asp Asp Thr Pro Leu Phe
555

Val Leu Trp Ala Asn Trp Pro Gly Gln
570 575

Arg Leu Leu Ser Gly Ala Glu Ser Pro
585 590

Gln Tyr Pro Ala Asn Tyr Thr Asp Ala
600 605

Leu Arg Pro Ser Ala Thr Asn Pro Gly
615 620

Thr Pro Val Arg Pro Phe Gly Phe Gly
635

Ala Glu Phe Gly Pro His Pro Phe Phe
650 655

Gly Asp Gly Glu Asp Lys Gly Glu Ser
665 670

Gln Gln Gln Gln Gln Gln Gln Gln Gln
680 685

Thr Thr Pro Ile Arg Asp Leu Leu Arg
695 700

Asp Thr Cys Pro Leu Pro Pro Leu Thr
715

Glu Arg Ala Ser Asp Tyr Val Val Leu
730 735

Gly Pro Ala Pro Tyr Pro Ile Lys Thr
745 750

Arg Gly Leu Lys Gly Lys Gly Gly Asp
760 765

Ala Thr Thr Thr Val Ser Leu Asp Trp
775 780

His Asp Glu Arg Gly Asn Thr Ile Leu
795

Ala

400

Leu

Arg

Gly

Ala

Glu

480

Glu

Thr

Ala

Val

Glu

560

Asp

Ala

Val

Arg

Leu

640

Pro

Lys

Arg

Asp

Val

720

Ala

Leu

Gly

Thr

Tyr
800
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Pro Gly Thr

Gln Phe Ala

Pro Pro Ser
835

<210> SEQ I
<211> LENGT.
<212> TYPE:

Tyr Thr Leu Thr Leu

805

Leu Glu Gly Glu Pro

820

Ala Asn Ser Thr Ala

D NO 60
H: 837
DNA

840

Asp Glu Pro Ala Gln Ala Ser Val

810

815

Val Val Leu Asp Glu Trp Pro Ala

825

Arg Gly Arg

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUE:
atggttgetce
ccgagegagy
ggcttttact
ggeggecggt
tggaaccegyg
tcegtacctgyg
aacttcggea
gggtcgacgt
agcacctttyg
gtcaaggcte
cagatcatgg
ggcaccagca
accggcacct
tgctgetece
<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 60

tctettetet

ccctecagaa

actccttetyg

acagtgtcac

gggctgctcg

cegtgtacgg

cgtacgacce

acaacatcct

accagttetg

acttcgacge

ccaccgagygyg

gcggeggegy

gecagcgcect

agggaacctyg
D NO 61

H: 278
PRT

cctegteget

gegecagacyg

gaccgacggt

ctggteegge

caacatcagc

gtggacgege

gtcgacgggy

caagacgacg

gtcegteegyg

ttgggcccag

ctacttcteg

cggcgacaat

gtacggccag

cegegtetee

gectetgegy

ctcacgagca

geeggcaacy

aacaacggca

ttcacgggge

aacccgctga

gcgcagegge

cgggtcaace

accaacaagc

geeggectee

agcggeteeg

dgcggeggea

tgcggtggee

aaccagtggt

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 61

Met Val Ala
1

Ala Val Ala

Ser Ser Gln
35

Asp Gly Ala
50

Ser Val Thr
65

Trp Asn Pro

Pro Asn Gly

Leu Ile Glu

115

Thr Gly Ala

Leu Ser Ser Leu Leu

Ala Pro Ser Glu Ala

Thr Gly Phe His Asp

40

Gly Asn Val Arg Tyr

55

Trp Ser Gly Asn Asn

70

Gly Ala Ala Arg Asn

85

Asn Ser Tyr Leu Ala

100

Tyr Tyr Ile Val Glu

120

Gln Arg Leu Gly Ser

Val Ala Ala
10

Leu Gln Lys
25

Gly Phe Tyr

Thr Asn Glu

Gly Asn Trp
75

Ile Ser Phe
90

Val Tyr Gly
105

Asn Phe Gly

Ile Thr Val

830

His Arg
845

cggcegtgge
gecagacggg
tccggtacac
actgggttgg
agtataaccc
tcgagtacta
tcggcageat
agcecgtecat
gecagcagegg
gectgggeac
ccaccatcac
acaacggcgyg

aggggtggac

actcgcagtyg

Ser Ala Ala

Arg Gln Thr
30

Tyr Ser Phe
45

Ala Gly Gly
60

Val Gly Gly

Thr Gly Gln

Trp Thr Arg
110

Thr Tyr Asp
125

Asp Gly Ser

cgtggetgeg
ctteccacgac
gaacgaggcce
cggcaaggge
caacggcaac
catcgtcgag
cacggtggac
cgagggcace
ctcegtcaac
ccacgactac
cgteggegag
cggeggcaac

gggccegact

cttgtaa

Ala Val
15

Leu Thr

Trp Thr

Arg Tyr

Lys Gly

80
Tyr Asn
95
Asn Pro

Pro Ser

Thr Tyr

60

120

180

240

300

360

420

480

540

600

660

720

780

837
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328

Asn

145

Ser

Gly

Leu

Phe

Gly

225

Thr

Thr

Trp

130

Ile

Thr

Ser

Arg

Ser

210

Gly

Gly

Gly

Tyr

Leu

Phe

Val

Leu

195

Ser

Gly

Thr

Pro

Ser
275

Lys

Asp

Asn

180

Gly

Gly

Gly

Cys

Thr

260

Gln

Thr Thr
150

Gln Phe
165

Val Lys

Thr His

Ser Ala

Asp Asn

230

Ser Ala
245

Cys Cys

Cys Leu

<210> SEQ ID NO 62

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Myceliophthora thermophila

PRT

<400> SEQUENCE:

Ala

1

Thr

Gly

Trp

Gly

65

Asn

Tyr

Gln

Lys

Asp

145

Asn

Gly

Gly

Gly

Pro

Gly

Asn

Ser

50

Ala

Ser

Tyr

Arg

Thr

130

Gln

Val

Thr

Ser

Asp
210

Ser

Phe

Val

35

Gly

Ala

Tyr

Ile

Leu

115

Thr

Phe

Lys

His

Ala

195

Asn

Glu

His

20

Arg

Asn

Arg

Leu

Val

100

Gly

Arg

Trp

Ala

Asp
180

Thr

Gly

259

62

Ala Leu

Asp Gly

Tyr Thr

Asn Gly

Asn Ile

70

Ala Val
85

Glu Asn

Ser Ile

Val Asn

Ser Val
150

His Phe
165
Tyr Gln

Ile Thr

Gly Gly

135

Arg

Trp

Ala

Asp

Thr

215

Gly

Leu

Ser

Gln

Phe

Asn

Asn

55

Ser

Tyr

Phe

Thr

Gln

135

Arg

Asp

Ile

Val

Asn
215

Val

Ser

His

Tyr

200

Ile

Gly

Tyr

Gln

Lys

Tyr

Glu

40

Trp

Phe

Gly

Gly

Val

120

Pro

Thr

Ala

Met

Gly

200

Asn

Asn

Val

Phe

185

Gln

Thr

Gly

Gly

Gly
265

Arg

Tyr

25

Ala

Val

Thr

Trp

Thr

105

Asp

Ser

Asn

Trp

Ala

185

Glu

Gly

Gln

Arg

170

Asp

Ile

Val

Asn

Gln

250

Thr

Gln

10

Ser

Gly

Gly

Gly

Thr

90

Tyr

Gly

Ile

Lys

Ala
170
Thr

Gly

Gly

Pro

155

Thr

Ala

Met

Gly

Asn

235

Cys

Cys

Thr

Phe

Gly

Gly

Gln

75

Arg

Asp

Ser

Glu

Arg

155

Gln

Glu

Thr

Gly

140

Ser

Asn

Trp

Ala

Glu

220

Gly

Gly

Arg

Leu

Trp

Arg

Lys

60

Tyr

Asn

Pro

Thr

Gly

140

Ser

Ala

Gly

Ser

Gly
220

Ile

Lys

Ala

Thr

205

Gly

Gly

Gly

Val

Thr

Thr

Tyr

45

Gly

Asn

Pro

Ser

Tyr

125

Thr

Ser

Gly

Tyr

Ser

205

Asn

Glu

Arg

Gln

190

Glu

Thr

Gly

Gln

Ser
270

Ser

Asp

30

Ser

Trp

Pro

Leu

Thr

110

Asn

Ser

Gly

Leu

Phe
190

Gly

Thr

Gly

Ser

175

Ala

Gly

Ser

Gly

Gly

255

Asn

Ser

15

Gly

Val

Asn

Asn

Ile

95

Gly

Ile

Thr

Ser

Arg

175

Ser

Gly

Gly

Thr

160

Ser

Gly

Tyr

Ser

Asn

240

Trp

Gln

Gln

Ala

Thr

Pro

Gly

80

Glu

Ala

Leu

Phe

Val

160

Leu

Ser

Gly

Thr
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330

Cys Ser Ala Leu Tyr Gly Gln Cys Gly Gly Gln Gly Trp Thr Gly Pro
230

225

235

240

Thr Cys Cys Ser Gln Gly Thr Cys Arg Val Ser Asn Gln Trp Tyr Ser

Gln Cys Leu

<210> SEQ I
<211> LENGT.
<212> TYPE:

245
D NO 63
H: 981

DNA

250

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 63

atgaaggcca
caccgecagg
ggcacctgta
aactteggec
ggtcagttca
accatcegeg
ggcgaccgga
tacaagggca
cttegeagea
geggegegeg
cccaactacyg
ggcatcccca
cttgegeagy
ctcgatatce
gagcccaagt
cagggcaacc
gtccagetee
<210> SEQ I

<211> LENGT.
<212> TYPE:

atctecetggt
caactgagag
ccgaccagygyg
aggtgacgcc
cctggggeca
gccacacgcet
acaccttgac
agatctacge
gegtettete
aggccgaccec
ccaagctgac
tcgacggeat
ccatcaagge
agaaccagaa
gegteggtat
cettgetett
tcaagcagta
D NO 64

H: 326
PRT

cctegegecyg

catcgacgeg

ceggetgacy

cgagaacagc

ggctgactac

cgtetggeac

ccagaccatce

ctgggatgte

caacgtecte

cgacaccaag

caacggcatg

cggcacccag

tctegeccag

caccaacgac

caccgtetygyg

cgacagcaac

g

ctggeegtet

ctcattaagg

tcgggcaaga

atgaagtggc

ctegtegact

tcgecageteg

caggaccaca

atcaacgaga

ggagaggact

ttgtacatca

gtcegetcacy

ggtcacctge

gCtggCgth

tacactgeeg

ggtgtCCgCg

ttcaacccca

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 64

Met Lys Ala
1

Pro Ala Leu
Lys Ala Lys
35

Leu Thr Ser
50

Val Thr Pro
65

Gly Gln Phe

Gln Asn Asn

Asn Leu Leu Val Leu

Glu His Arg Gln Ala

20

Gly Lys Leu Tyr Phe

40

Gly Lys Asn Ala Asp

55

Glu Asn Ser Met Lys

70

Thr Trp Gly Gln Ala

85

Lys Thr Ile Arg Gly

100

Ala

Thr

25

Gly

Ile

Trp

Asp

His
105

Pro
10
Glu

Thr

Ile

Gln

Tyr

90

Thr

Leu

Ser

Cys

Arg

Ser

75

Leu

Leu

cggcagegece
ccaagggcaa
acgcggacat
agagcatcga
gggccactca
ceggetacgt
ttgccgeegt
tgttcaacga
ttgttgggat
acgactacaa
tcaagaagtyg
agtctggeca
aggaggttge
ttgtccaggy
atcccgacte

aggcgaacta

Ala Val Ser

Ile Asp Ala
30

Thr Asp Gln
45

Ala Asn Phe
60

Ile Glu Pro

Val Asp Trp

Val Trp His
110

255

cgegetegag
gctctacttt
catcagggece
gecategegg
gaacaacaag
tcagcagatc
catgggcege

ggatggctcg

cgccttcaag
cctegacage
getegeggece
gggttecggt
cgtcaccgag
ctgettggac
gtggegtece

caatgccatce

Ala Ala

Leu Ile

Gly Arg

Gly Gln

Ser Arg
80

Ala Thr
95

Ser Gln

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

981
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332

Leu

Thr

Ile

145

Leu

Ile

Ile

Gly

Asp

225

Leu

Ala

Ala

Leu
305

Ala

Ile

130

Tyr

Arg

Ala

Asn

Met

210

Gly

Ala

Val

Val

Trp

290

Leu

Gln

Gly

115

Gln

Ala

Ser

Phe

Asp

195

Val

Ile

Gln

Thr

Val

275

Gly

Phe

Leu

Tyr

Asp

Trp

Ser

Lys

180

Tyr

Ala

Gly

Ala

Glu

260

Gln

Val

Asp

Leu

Val

His

Asp

Val

165

Ala

Asn

His

Thr

Ile

245

Leu

Gly

Arg

Ser

Lys
325

<210> SEQ ID NO 65

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Myceliophthora thermophila

PRT

<400> SEQUENCE:

Ala

1

Ile

Arg

Gln

Arg

65

Thr

Gln

Gln

Lys

Ser
145

Pro

Lys

Leu

Val

Gly

Gln

Leu

Thr

Ile

130

Leu

Ala

Ala

Thr

35

Thr

Gln

Asn

Ala

Ile
115

Tyr

Arg

Leu

Lys

20

Ser

Pro

Phe

Asn

Gly
100
Gln

Ala

Ser

311

65

Glu

Gly

Gly

Glu

Thr

Lys

85

Tyr

Asp

Trp

Ser

Gln

Ile

Val

150

Phe

Ala

Leu

Val

Gln

230

Lys

Asp

Cys

Asp

Asn

310

Gln

His

Lys

Lys

Asn

Trp

70

Thr

Val

His

Asp

Val
150

Gln

Ala

135

Ile

Ser

Arg

Asp

Lys

215

Gly

Ala

Ile

Leu

Pro

295

Phe

Arg

Leu

Asn

Ser

Gly

Ile

Gln

Ile

Val

135

Phe

Ile

120

Ala

Asn

Asn

Glu

Ser

200

Lys

His

Leu

Gln

Asp

280

Asp

Asn

Gln

Tyr

Ala

40

Met

Gln

Arg

Gln

Ala

120

Ile

Ser

Gly

Val

Glu

Val

Ala

185

Pro

Trp

Leu

Ala

Asn

265

Glu

Ser

Pro

Ala

Phe

25

Asp

Lys

Ala

Gly

Ile

105

Ala

Asn

Asn

Asp

Met

Met

Leu

170

Asp

Asn

Leu

Gln

Gln

250

Gln

Pro

Trp

Lys

Thr

10

Gly

Ile

Trp

Asp

His

90

Gly

Val

Glu

Val

Arg

Gly

Phe

155

Gly

Pro

Tyr

Ala

Ser

235

Ala

Asn

Lys

Arg

Ala
315

Glu

Thr

Ile

Gln

Tyr

75

Thr

Asp

Met

Met

Leu
155

Asn

Arg

140

Asn

Glu

Asp

Ala

Ala

220

Gly

Gly

Thr

Cys

Pro

300

Asn

Ser

Cys

Arg

Ser

Leu

Leu

Arg

Gly

Phe
140

Gly

Thr

125

Tyr

Glu

Asp

Thr

Lys

205

Gly

Gln

Val

Asn

Val

285

Gln

Tyr

Ile

Thr

Ala

45

Ile

Val

Val

Asn

Arg
125

Asn

Glu

Leu

Lys

Asp

Phe

Lys

190

Leu

Ile

Gly

Glu

Asp

270

Gly

Gly

Asn

Asp

Asp

30

Asn

Glu

Asp

Trp

Thr
110
Tyr

Glu

Asp

Thr

Gly

Gly

Val

175

Leu

Thr

Pro

Ser

Glu

255

Tyr

Ile

Asn

Ala

Ala

15

Gln

Phe

Pro

Trp

His

95

Leu

Lys

Asp

Phe

Gln

Lys

Ser

160

Gly

Tyr

Asn

Ile

Gly

240

Val

Thr

Thr

Pro

Ile
320

Leu

Gly

Gly

Ser

Ala

80

Ser

Thr

Gly

Gly

Val
160
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333 334

-continued

Gly Ile Ala Phe Lys Ala Ala Arg Glu Ala Asp Pro Asp Thr Lys Leu
165 170 175

Tyr Ile Asn Asp Tyr Asn Leu Asp Ser Pro Asn Tyr Ala Lys Leu Thr
180 185 190

Asn Gly Met Val Ala His Val Lys Lys Trp Leu Ala Ala Gly Ile Pro
195 200 205

Ile Asp Gly Ile Gly Thr Gln Gly His Leu Gln Ser Gly Gln Gly Ser
210 215 220

Gly Leu Ala Gln Ala Ile Lys Ala Leu Ala Gln Ala Gly Val Glu Glu
225 230 235 240

Val Ala Val Thr Glu Leu Asp Ile Gln Asn Gln Asn Thr Asn Asp Tyr
245 250 255

Thr Ala Val Val Gln Gly Cys Leu Asp Glu Pro Lys Cys Val Gly Ile
260 265 270

Thr Val Trp Gly Val Arg Asp Pro Asp Ser Trp Arg Pro Gln Gly Asn
275 280 285

Pro Leu Leu Phe Asp Ser Asn Phe Asn Pro Lys Ala Asn Tyr Asn Ala
290 295 300

Ile Val Gln Leu Leu Lys Gln
305 310

<210> SEQ ID NO 66

<211> LENGTH: 669

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 66

atggtcaagc tctctctcecat cgcagcgagce cttgtggcac ctagecgtget tgecgggtect 60
ctcatcggece ccaagacgca aaccgagagce cagctgaacc cgcgtcaagg cggctacaac 120
tacttccaga attggtccga gggaggcagce aatatccgct gcaacaacgg ccectgggggt 180
tcectacacgg ccgactggaa cagcaggggce ggcttcegtet gtggcaaggg ctggagcetat 240
ggaggcaatc gcgccatcac gtacaccggce gaatacaacg ccagcggcecc cggctaccte 300
gcecgtcectacg ggtggacccecg caacccgetg attgaatact acatcatcga ggcccatgece 360
gacctcgeee ccaacgagcce gtggacatcc aagggtaatt tcagcttcecga ggagggcgag 420
tacgaggtct tcaccagcac ccgcgtcaac aagccgtceca tcgagggcac caggactttt 480
cagcagtact ggtcgctgceg caaggagcag cgggtcggcg gcaccgtcac cacccagagg 540
cactttgaag agtgggccaa gctgggcatg aagctgggca atcatgacta tgtcatcctg 600
gcgaccgaag gatacactgce caacggagga tccggtagca gcegggcactc gagcattact 660
ctgcagtag 669

<210> SEQ ID NO 67

<211> LENGTH: 222

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 67

Met Val Lys Leu Ser Leu Ile Ala Ala Ser Leu Val Ala Pro Ser Val
1 5 10 15

Leu Ala Gly Pro Leu Ile Gly Pro Lys Thr Gln Thr Glu Ser Gln Leu
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335

-continued

336

Asn

Gly

Asp

65

Gly

Pro

Tyr

Thr

Thr

145

Gln

Thr

Gly

Gly

<210>
<211>
<212>
<213>
<220>
<223>

Pro

Ser

50

Trp

Gly

Gly

Tyr

Ser

130

Ser

Gln

Thr

Asn

Gly
210

Arg

35

Asn

Asn

Asn

Tyr

Ile

115

Lys

Thr

Tyr

Gln

His

195

Ser

20

Gln

Ile

Ser

Arg

Leu

100

Ile

Gly

Arg

Trp

Arg

180

Asp

Gly

PRT

<400> SEQUENCE:

Gly

1

Arg

Asn

Asn

Asn

65

Tyr

Ile

Lys

Thr

Tyr
145

Gln

Pro

Gln

Ile

Ser

50

Arg

Leu

Ile

Gly

Arg

130

Trp

Arg

Leu

Gly

Arg

35

Arg

Ala

Ala

Glu

Asn

115

Val

Ser

His

Ile

Gly

20

Cys

Gly

Ile

Val

Ala

100

Phe

Asn

Leu

Phe

Gly

Arg

Arg

Ala

85

Ala

Glu

Asn

Val

Ser

165

His

Tyr

Ser

SEQ ID NO 68
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Synthetic polypeptide

204

68

Gly

5

Tyr

Asn

Gly

Thr

Tyr

85

His

Ser

Lys

Arg

Glu

Gly

Cys

Gly

70

Ile

Val

Ala

Phe

Asn

150

Leu

Phe

Val

Ser

Pro

Asn

Asn

Phe

Tyr

70

Gly

Ala

Phe

Pro

Lys
150

Glu

25 30

Tyr Asn Tyr Phe Gln Asn Trp Ser Glu
40 45

Asn Asn Gly Pro Gly Gly Ser Tyr Thr
55 60

Gly Phe Val Cys Gly Lys Gly Trp Ser
75

Thr Tyr Thr Gly Glu Tyr Asn Ala Ser
Tyr Gly Trp Thr Arg Asn Pro Leu Ile
105 110

His Ala Asp Leu Ala Pro Asn Glu Pro
120 125

Ser Phe Glu Glu Gly Glu Tyr Glu Val
135 140

Lys Pro Ser Ile Glu Gly Thr Arg Thr
155

Arg Lys Glu Gln Arg Val Gly Gly Thr
170 175

Glu Glu Trp Ala Lys Leu Gly Met Lys
185 190

Ile Leu Ala Thr Glu Gly Tyr Thr Ala
200 205

Gly His Ser Ser Ile Thr Leu Gln
215 220

Lys Thr Gln Thr Glu Ser Gln Leu Asn
10 15

Tyr Phe Gln Asn Trp Ser Glu Gly Gly
25 30

Gly Pro Gly Gly Ser Tyr Thr Ala Asp
40 45

Val Cys Gly Lys Gly Trp Ser Tyr Gly
55 60

Thr Gly Glu Tyr Asn Ala Ser Gly Pro
75

Trp Thr Arg Asn Pro Leu Ile Glu Tyr
90 95

Asp Leu Ala Pro Asn Glu Pro Trp Thr
105 110

Glu Glu Gly Glu Tyr Glu Val Phe Thr
120 125

Ser Ile Glu Gly Thr Arg Thr Phe Gln
135 140

Glu Gln Arg Val Gly Gly Thr Val Thr
155

Trp Ala Lys Leu Gly Met Lys Leu Gly

Gly

Ala

Tyr

80

Gly

Glu

Trp

Phe

Phe

160

Val

Leu

Asn

Pro

Ser

Trp

Gly

Gly

80

Tyr

Ser

Ser

Gln

Thr

160

Asn
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338

His Asp Tyr Val Ile Leu Ala Thr Glu

165

180

170

185

Ser Gly Ser Ser Gly His Ser Ser Ile Thr Leu

195

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 69
H: 657
DNA

200

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthet

<400> SEQUE:

atggtctegt

ctcgaggtgg

tegttetgga

agcgtcacct

ccgegcaaga

ctgtacgget

tacaacccct

gacatctaca

cagtactggt

tttgacgagt

geccaccgagg
<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 69

tcactctect

tcaagcgegyg

ccgacggecyg

ggaacaacgt

ttgcgtacaa

ggactcgcaa

cgtegggeac

agacgacgceg

cegteegecyg

ggaagcgeca

gctaccagag

D NO 70

H: 218
PRT

cctecacggte

catccageceg

tggcteggte

caacaactgg

cggcacctygyg

ccegetggte

ggcgeggetyg

gtacaaccag

ccagaagcge

gggcaaccte

ctctggtteg

190

Gln

ic polynucleotide

atcgecegetyg

ggcacgggca

gacttcaacc

gttggcggca

aacaactaca

gagtattaca

ggcaccatcyg

cegtecateg

gtcggcggca

cagcteggea

gccactateg

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 70

Met Val Ser
1

Thr Ala Ser

Gly Thr His
35

Ser Val Asp

Asn Asn Val
65

Pro Arg Lys

Ser Tyr Leu

Tyr Ile Val
115

Arg Leu Gly
130

Thr Thr Arg
145

Phe Thr Leu Leu Leu

5

Pro Leu Glu Val Val

20

Glu Gly Tyr Phe Tyr

40

Phe Asn Pro Gly Pro

Asn Asn Trp Val Gly

70

Ile Ala Tyr Asn Gly

85

Ala Leu Tyr Gly Trp

100

Glu Ala Tyr Gly Thr

120

Thr Ile Glu Asp Asp

135

Tyr Asn Gln Pro Ser
150

Thr Val Ile
10

Lys Arg Gly
25

Ser Phe Trp

Arg Gly Ser

Gly Lys Gly
75

Thr Trp Asn
90

Thr Arg Asn
105

Tyr Asn Pro

Gly Gly Val

Ile Glu Gly
155

cggtgacgac
cccacgaggyg
cegggececayg
agggctggaa
acgtgaacag
tegtggagge
aggacgacgg
aggggacctce
ctatcgacac

cctggaacta

aggtccggga

Synthetic polypeptide

Ala Ala Ala
Ile Gln Pro
30

Thr Asp Gly
45

Tyr Ser Val
60

Trp Asn Pro

Asn Tyr Asn

Pro Leu Val
110

Ser Ser Gly
125

Tyr Asp Ile
140

Thr Ser Thr

175

Gly Tyr Thr Ala Asn Gly Gly

ggccageect
gtacttctac
cggctegtac
ccegggeccyg
ctacctegee
atacggcacyg
cggegtgtac
caccttecgac
gggcaagcac
catgatcatg

ggcctaa

Val Thr
15

Gly Thr

Arg Gly

Thr Trp

Gly Pro

80

Val Asn

95

Glu Tyr

Thr Ala

Tyr Lys

Phe Asp
160

60

120

180

240

300

360

420

480

540

600

657
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340

Gln Tyr Trp
Thr Gly Lys
Gly Thr Trp

195
Gly Ser Ala

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Val Arg Arg Gln

165

His Phe Asp Glu Trp

180

Asn Tyr Met Ile Met

200

Thr Ile Glu Val Arg

D NO 71
H: 200
PRT

215

Lys Arg Val
170

Lys Arg Gln
185

Ala Thr Glu

Glu Ala

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 71

Ser Pro Leu
1

His Glu Gly
Asp Phe Asn
35

Val Asn Asn
50

Lys Ile Ala
65

Leu Ala Leu

Val Glu Ala

Gly Thr Ile

115

Arg Tyr Asn
130

Trp Ser Val
145

Lys His Phe

Trp Asn Tyr

Ala Thr Ile
195

<210> SEQ I
<211> LENGT.
<212> TYPE:

Glu Val Val Lys Arg

Tyr Phe Tyr Ser Phe

20

Pro Gly Pro Arg Gly

40

Trp Val Gly Gly Lys

55

Tyr Asn Gly Thr Trp

Tyr Gly Trp Thr Arg

85

Tyr Gly Thr Tyr Asn

100

Glu Asp Asp Gly Gly

120

Gln Pro Ser Ile Glu

135

Arg Arg Gln Lys Arg
150

Asp Glu Trp Lys Arg

165

Met Ile Met Ala Thr

180

Glu Val Arg Glu Ala

D NO 72
H: 687
DNA

200

Gly Ile Gln
Trp Thr Asp
25

Ser Tyr Ser

Gly Trp Asn

Asn Asn Tyr

75

Asn Pro Leu
90

Pro Ser Ser
105

Val Tyr Asp

Gly Thr Ser

Val Gly Gly

155

Gln Gly Asn
170

Glu Gly Tyr
185

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 72

atggtctege

cgeeegtteg

cccaacgege

caggccacct

aactttgteg

tcaagtcect

actttgacga

agggctacca

tcaccetget

gtggcaaggg

cctectegee

cggcaacteg

ctcegggetac

cgagggcagc

ctggaacceyg

gcggeggcega

accgaggege

ttctactegt

cactaccagg

ggtaccggece

Gly Gly Thr
Gly Asn Leu
190

Gly Tyr Gln
205

Synthetic polypeptide

Pro Gly Thr
Gly Arg Gly
30

Val Thr Trp
45

Pro Gly Pro
60

Asn Val Asn

Val Glu Tyr

Gly Thr Ala
110

Ile Tyr Lys
125

Thr Phe Asp
140

Thr Ile Asp

Leu Gln Leu

Gln Ser Ser
190

cgttgacgge
tggccaageg
ggtggtcega
tcaactggag

ggaccatcaa

Ile Asp
175

Gln Leu

Ser Ser

Gly Thr

Ser Val

Asn Asn

Pro Arg

Ser Tyr
80

Tyr Ile
95

Arg Leu

Thr Thr

Gln Tyr

Thr Gly
160

Gly Thr
175

Gly Ser

ggtgacggeg
ccaggtcacyg
cggeggegge
gaacacgggce

ctacggegge

60

120

180

240

300
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342

-continued
tegttcaace cgageggcaa cggctacctg gecgtctacyg getggacgca caacccgetg 360
atcgagtact acgtggtcga gtcgtacggg acctacaacce cgggcagceca ggcccagtac 420
aagggcagct tccagagcga cggcggcacce tacaacatct acgtctcgac ccgctacaac 480
gegecctega tcgagggcac ccgcacctte cagcagtact ggtccatcceg cacctccaag 540
cgegteggeg getecegtcac catgcagaac cacttcaacyg cctgggcecca gcacggcatg 600
ccectegget cccacgacta ccagategte gecaccgagyg gctaccagag cagceggcetcece 660
tcecgacatcect acgtccagac tcactag 687

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 73
H: 228
PRT

ISM: Myceliophthora thermophila

<400> SEQUENCE: 73

Met Val Ser
1

Ala Val Thr
Ala Leu Ala
35

Gly Tyr Phe
50

Thr Leu Leu
65

Asn Phe Val

Asn Tyr Gly

Tyr Gly Trp

115

Tyr Gly Thr
130

Gln Ser Asp
145

Ala Pro Ser

Arg Thr Ser

Asn Ala Trp

195

Ile Val Ala
210

Val Gln Thr
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Lys Ser Leu Leu

Ala Arg Pro Phe Asp

20

Lys Arg Gln Val Thr

40

Tyr Ser Trp Trp Ser

55

Glu Gly Ser His Tyr

Gly Gly Lys Gly Trp

85

Gly Ser Phe Asn Pro

100

Thr His Asn Pro Leu

120

Tyr Asn Pro Gly Ser

135

Gly Gly Thr Tyr Asn
150

Ile Glu Gly Thr Arg

165

Lys Arg Val Gly Gly

180

Ala Gln His Gly Met

200

Thr Glu Gly Tyr Gln

His

D NO 74
H: 208
PRT

215

Leu

Phe

25

Pro

Asp

Gln

Asn

Ser

105

Ile

Gln

Ile

Thr

Ser

185

Pro

Ser

Ala

Asp

Asn

Gly

Val

Pro

90

Gly

Glu

Ala

Tyr

Phe

170

Val

Leu

Ser

Ala

Asp

Ala

Gly

Asn

75

Gly

Asn

Tyr

Gln

Val

155

Gln

Thr

Gly

Gly

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 74

Ala Ala Thr
Gly Asn Ser
30

Gln Gly Tyr
45

Gly Gln Ala
60

Trp Arg Asn

Thr Gly Arg

Gly Tyr Leu

110

Tyr Val Val
125

Tyr Lys Gly
140

Ser Thr Arg

Gln Tyr Trp

Met Gln Asn
190

Ser His Asp
205

Ser Ser Asp
220

Leu Thr

15

Thr Glu

His Ser

Thr Phe

Thr Gly

Thr Ile

95

Ala Val

Glu Ser

Ser Phe

Tyr Asn

160
Ser Ile
175
His Phe

Tyr Gln

Ile Tyr

Arg Pro Phe Asp Phe Asp Asp Gly Asn Ser Thr Glu Ala Leu Ala Lys

1

5

10

15
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344

Arg Gln Val
Ser Trp Trp
35

Gly Ser His
50

Gly Lys Gly
65

Ser Phe Asn

His Asn Pro

Asn Pro Gly

115

Gly Thr Tyr
130

Glu Gly Thr
145

Arg Val Gly

Gln His Gly

Glu Gly Tyr
195

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Pro Asn Ala Gln

20

Ser Asp Gly Gly Gly

40

Tyr Gln Val Asn Trp

55

Trp Asn Pro Gly Thr

70

Pro Ser Gly Asn Gly

Leu Ile Glu Tyr Tyr

100

Ser Gln Ala Gln Tyr

120

Asn Ile Tyr Val Ser

135

Arg Thr Phe Gln Gln
150

Gly Ser Val Thr Met

165

Met Pro Leu Gly Ser

180

Gln Ser Ser Gly Ser

D NO 75
H: 2283
DNA

200

Gly

Gln

Arg

Gly

Tyr

Val

105

Lys

Thr

Tyr

Gln

His

185

Ser

Tyr

Ala

Asn

Arg

Leu

90

Val

Gly

Arg

Trp

Asn

170

Asp

Asp

His

Thr

Thr

Thr

75

Ala

Glu

Ser

Tyr

Ser

155

His

Tyr

Ile

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 75

atggccttee

ggeggegtga

acgtcggegt

aaacttgcaa

cagtggtgga

gagttcagcyg

getttgateyg

gggCgCgCtC

ggtcgcggac

ttcgtcaagy

tacgcegect

gtgtcaactce

tctaaggtygyg

aatccttacce

tatattgtga

tacaagccga

tgctgggcga

agccagacga

tttectectt

cgtaccecgga

ccecegggage

atcttgtcaa

acgaagcect

cggcaaccca

agcaaatcgg

atctcgactt

acgagacgcec

gcatgcaagg

acgacctega

aagatctege

gctecatcat

tgatggatac

gegactgega

getatgegge

ceggeggeac

cactggacac

tgceccttgee

ctgcgcaaac

ccgagecget

caattecgece

ccacggagta

gttcecegeag

caccattatc

ctggacgece

gggagaggat

accecggacceyg

gaactcceggyg

cgagtactat

gtgcagctac

catcctgegy

tgccgtgtac

ggcgatcgga

cgcecceggat

ggctattttyg

gCCCthggg

ggaccgctca

getettgtga

ggcegtetege

gcccataace

gctatcacga

agcaccgagg

aacgtcaacc

gcattcaaga

acgcaccgag

agcacgaccc

ctcecteegt

aatgcggtca

aaacattgga

tatctecggea

gecatcteteg

ccegecteag

cgccagatge

Ser Gly Tyr
30

Phe Thr Leu
45

Gly Asn Phe
60

Ile Asn Tyr

Val Tyr Gly

Ser Tyr Gly

110

Phe Gln Ser
125

Asn Ala Pro
140

Ile Arg Thr

Phe Asn Ala

Gln Ile Val

190

Tyr Val Gln
205

cactcgtegt
agtcaaatac
gtgtaatgaa
ggcteggect
geggecattac
ctteccgecac
ccegtgectt
cgtttegaga
ataagaagtyg
tcatcgecac
gattcaactt
tccaacagty
atgaaatccc
attggaccga
atgcgaacgg
aggctggttg
ccttcaatte

agggcctegt

Phe Tyr

Leu Glu

Val Gly

Gly Gly

80

Trp Thr

Thr Tyr

Asp Gly

Ser Ile

Ser Lys
160

Trp Ala
175

Ala Thr

Thr His

cceggegagyg
ggtgtgcgat
caacaacgaa
gagtgcegtac
ctggggcgge
tttcgatgac
tgccaacaat
ccegegatygyg
ggcegaggece
atgtaagcac
cgatgcgaag
cgcecegggac
ggectgegeg
cgagcaccag
cggccaccga
cgataacatg

cggecagtte

cctageggga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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346

-continued
tactttgacg gtccgggegyg tatgtaccgce aacctgageg tggcggacgt gaacacgcag 1140
accgeccagg acactgcact caaggcggeg gaaggaggca tcegtgctect caagaacgat 1200
gggatcctte cgectgteggt taacggttcce aatttccagg tcegctatgat cgggttetgg 1260
gcgaacgcayg ccgacaagat gctegggggt tacageggga geccgecgtt caaccatgat 1320
ccegtgaceg ctgcaagatc gatgggcatce acggtcaact acgtcaacgg gccattgacg 1380
caacccaacg gggatacgtc ggcagcactce aatgcggccce aaaagtccaa cgcggtggta 1440
ttetttggtyg gaatcgacaa tacggtggag aaggagagtc aggacagaac gtccatcgag 1500
tggccectcag ggcaactgge tcectgattcgg aggctagecg aaaccggcaa accagtcatce 1560
gtcgtcagge tcegggacgca cgtcgacgac accccgctece tcagcattcecce gaatgtgaga 1620
gccattttgt gggcaggata cccgggtcaa gacggcggga ctgctgtggt gaaaatcatt 1680
accggecttg ctagtccgge ggggaggctg cccgccactg tgtatccgte ttegtacacce 1740
agccaagcgce cctttacaaa catggccctg aggecttett cgtectatce cgggcgaaca 1800
taccgetggt acagtaacgc cgtctttcca tttggccacg gecctacatta taccaattte 1860
agtgtctegg tgcgggactt tcecggccage ttegecgattg ccgatctect ggcecttcectge 1920
ggggattcceg tggecgtatct tgatctttge ceccttecegt cegtgteget caatgtgacce 1980
aatacaggca cccgcgtgte cgattacgtt gcgettgggt tecttgtcggg agattttggt 2040
cccageccac atcccatcaa gacattggcg acgtataagce gecgtgtttaa catcgaacct 2100
ggggaaacac aggtggccga gctagactgg aagctggaga gectggtecg ggtagatgag 2160
aagggcaaca gggtactcta ccccggaaca tatacgcettce ttgtggatca gccaaccttg 2220
gcaaatatca cctttatttt gacaggagaa gaggcagtgt tggatagttg gccgcagecyg 2280
tga 2283

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 76
H: 760
PRT

ISM: Myceliophthora thermophila

<400> SEQUENCE: 76

Met Ala Phe
1

Val Pro Ala
Leu Lys Ser
35

Ala Ala Ala
50

Leu Val Asn
65

Gln Trp Trp

Thr Trp Gly

Thr Thr Ser
115

Ile Ile Ser
130

Leu Asp Phe

Leu Ser Ser Phe Ala

Arg Gly Gly Val Thr

20

Asn Thr Val Cys Asp

Leu Val Ser Val Met

55

Asn Ser Pro Gly Val

70

Asn Glu Ala Leu His

85

Gly Glu Phe Ser Ala

100

Ala Thr Phe Asp Asp

120

Thr Glu Ala Arg Ala

135

Trp Thr Pro Asn Val

Leu

Tyr

25

Thr

Asn

Ser

Gly

Ala

105

Ala

Phe

Asn

Ala

10

Pro

Ser

Asn

Arg

Val

90

Thr

Leu

Ala

Pro

Ala

Asp

Ala

Asn

Leu

75

Ala

Gln

Ile

Asn

Phe

Leu Gly Ala

Cys Ala Asn
30

Ser Pro Gly
45

Glu Lys Leu
60

Gly Leu Ser

His Asn Arg

Phe Pro Gln
110

Glu Gln Ile
125

Asn Gly Arg
140

Arg Asp Pro

Leu Val

15

Gly Pro

Ala Arg

Ala Asn

Ala Tyr
80

Gly Ile

95

Ala Ile

Gly Thr

Ala His

Arg Trp
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348

145

Gly

Trp

Arg

Ser

Asp

225

Ser

Pro

Trp

Tyr

305

Cys

Ser

Met

Tyr

Thr

385

Gly

Ile

Gly

Gly

Asp

465

Phe

Thr

Ala

Asp

Ala
545

Thr

Arg

Ala

Val

Gly

210

Leu

Lys

Ala

Asn

Tyr

290

Ala

Trp

Gly

Gln

Arg

370

Ala

Ile

Gly

Ser

Ile

450

Thr

Phe

Ser

Glu

Asp
530

Gly

Gly

Gly

Glu

Ile

195

Ser

Ala

Val

Cys

Trp

275

Tyr

Ala

Ala

Gln

Gly

355

Asn

Leu

Leu

Phe

Pro

435

Thr

Ser

Gly

Ile

Thr
515
Thr

Tyr

Leu

His

Ala

180

Ala

Thr

Glu

Gly

Ala

260

Thr

Leu

Ala

Thr

Phe

340

Leu

Leu

Lys

Pro

Trp

420

Pro

Val

Ala

Gly

Glu

500

Gly

Pro

Pro

Ala

Glu

165

Phe

Thr

Thr

Tyr

Ser

245

Asn

Asp

Gly

Ile

Gly

325

Ser

Val

Ser

Ala

Leu

405

Ala

Phe

Asn

Ala

Ile

485

Trp

Lys

Leu

Gly

Ser
565

150

Thr

Val

Cys

Arg

Tyr

230

Ile

Pro

Glu

Asn

Gly

310

Gly

Gln

Leu

Val

Ala

390

Ser

Asn

Asn

Tyr

Leu

470

Asp

Pro

Pro

Leu

Gln
550

Pro

Pro

Lys

Lys

Phe

215

Leu

Met

Tyr

His

Ala

295

Ala

Thr

Thr

Ala

Ala

375

Glu

Val

Ala

His

Val

455

Asn

Asn

Ser

Val

Ser
535

Asp

Ala

Gly

Gly

His

200

Asn

Pro

Cys

Leu

Gln

280

Asn

Ser

Ala

Thr

Gly

360

Asp

Gly

Asn

Ala

Asp

440

Asn

Ala

Thr

Gly

Ile
520
Ile

Gly

Gly

Glu

Met

185

Tyr

Phe

Pro

Ser

Met

265

Tyr

Gly

Leu

Pro

Leu

345

Tyr

Val

Gly

Gly

Asp

425

Pro

Gly

Ala

Val

Gln

505

Val

Pro

Gly

Arg

Asp

170

Gln

Ala

Asp

Phe

Tyr

250

Asp

Ile

Gly

Glu

Asp

330

Asp

Phe

Asn

Ile

Ser

410

Lys

Val

Pro

Gln

Glu

490

Leu

Val

Asn

Thr

Leu
570

155

Ala

Gly

Ala

Ala

Gln

235

Asn

Thr

Val

His

Ala

315

Pro

Thr

Asp

Thr

Val

395

Asn

Met

Thr

Leu

Lys

475

Lys

Ala

Arg

Val

Ala
555

Pro

Phe

Pro

Tyr

Lys

220

Gln

Ala

Ile

Ser

Arg

300

Gly

Ala

Ala

Gly

Gln

380

Leu

Phe

Leu

Ala

Thr

460

Ser

Glu

Leu

Leu

Arg
540

Val

Ala

Lys

Gly

Asp

205

Val

Cys

Val

Leu

Asp

285

Tyr

Cys

Ser

Ile

Pro

365

Thr

Leu

Gln

Gly

Ala

445

Gln

Asn

Ser

Ile

Gly
525
Ala

Val

Thr

Asn

Pro

190

Leu

Ser

Ala

Asn

Arg

270

Cys

Lys

Asp

Ala

Leu

350

Gly

Ala

Lys

Val

Gly

430

Arg

Pro

Ala

Gln

Arg

510

Thr

Ile

Lys

Val

Lys

175

Thr

Glu

Thr

Arg

Glu

255

Lys

Asp

Pro

Asn

Phe

335

Arg

Gly

Gln

Asn

Ala

415

Tyr

Ser

Asn

Val

Asp

495

Arg

His

Leu

Ile

Tyr
575

160

Lys

His

Asn

Gln

Asp

240

Ile

His

Ala

Ser

Met

320

Asn

Gln

Met

Asp

Asp

400

Met

Ser

Met

Gly

Val

480

Arg

Leu

Val

Trp

Ile
560

Pro
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Ser Ser Tyr Thr Ser Gln Ala Pro Phe Thr Asn Met Ala Leu Arg Pro
580 585 590

Ser Ser Ser Tyr Pro Gly Arg Thr Tyr Arg Trp Tyr Ser Asn Ala Val
595 600 605

Phe Pro Phe Gly His Gly Leu His Tyr Thr Asn Phe Ser Val Ser Val
610 615 620

Arg Asp Phe Pro Ala Ser Phe Ala Ile Ala Asp Leu Leu Ala Ser Cys
625 630 635 640

Gly Asp Ser Val Ala Tyr Leu Asp Leu Cys Pro Phe Pro Ser Val Ser
645 650 655

Leu Asn Val Thr Asn Thr Gly Thr Arg Val Ser Asp Tyr Val Ala Leu
660 665 670

Gly Phe Leu Ser Gly Asp Phe Gly Pro Ser Pro His Pro Ile Lys Thr
675 680 685

Leu Ala Thr Tyr Lys Arg Val Phe Asn Ile Glu Pro Gly Glu Thr Gln
690 695 700

Val Ala Glu Leu Asp Trp Lys Leu Glu Ser Leu Val Arg Val Asp Glu
705 710 715 720

Lys Gly Asn Arg Val Leu Tyr Pro Gly Thr Tyr Thr Leu Leu Val Asp
725 730 735

Gln Pro Thr Leu Ala Asn Ile Thr Phe Ile Leu Thr Gly Glu Glu Ala
740 745 750

Val Leu Asp Ser Trp Pro Gln Pro
755 760

<210> SEQ ID NO 77

<211> LENGTH: 739

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 77

Gly Val Thr Tyr Pro Asp Cys Ala Asn Gly Pro Leu Lys Ser Asn Thr
1 5 10 15

Val Cys Asp Thr Ser Ala Ser Pro Gly Ala Arg Ala Ala Ala Leu Val
20 25 30

Ser Val Met Asn Asn Asn Glu Lys Leu Ala Asn Leu Val Asn Asn Ser
35 40 45

Pro Gly Val Ser Arg Leu Gly Leu Ser Ala Tyr Gln Trp Trp Asn Glu
50 55 60

Ala Leu His Gly Val Ala His Asn Arg Gly Ile Thr Trp Gly Gly Glu
65 70 75 80

Phe Ser Ala Ala Thr Gln Phe Pro Gln Ala Ile Thr Thr Ser Ala Thr
85 90 95

Phe Asp Asp Ala Leu Ile Glu Gln Ile Gly Thr Ile Ile Ser Thr Glu
100 105 110

Ala Arg Ala Phe Ala Asn Asn Gly Arg Ala His Leu Asp Phe Trp Thr
115 120 125

Pro Asn Val Asn Pro Phe Arg Asp Pro Arg Trp Gly Arg Gly His Glu
130 135 140

Thr Pro Gly Glu Asp Ala Phe Lys Asn Lys Lys Trp Ala Glu Ala Phe
145 150 155 160

Val Lys Gly Met Gln Gly Pro Gly Pro Thr His Arg Val Ile Ala Thr
165 170 175

Cys Lys His Tyr Ala Ala Tyr Asp Leu Glu Asn Ser Gly Ser Thr Thr
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351

-continued

352

Arg

Tyr

Ile

225

Pro

Glu

Asn

Gly

Gly

305

Gln

Leu

Ala

Ser

385

Asn

Asn

Tyr

Leu

Asp

465

Pro

Pro

Leu

Gln

Pro
545
Gln

Gly

Gly

Phe

Leu

210

Met

Tyr

His

Ala

Ala

290

Thr

Thr

Ala

Ala

Glu

370

Val

Ala

His

Val

Asn

450

Asn

Ser

Val

Ser

Asp

530

Ala

Ala

Arg

Leu

Asn

195

Pro

Cys

Leu

Gln

Asn

275

Ser

Ala

Thr

Gly

Asp

355

Gly

Asn

Ala

Asp

Asn

435

Ala

Thr

Gly

Ile

Ile

515

Gly

Gly

Pro

Thr

His
595

180

Phe

Pro

Ser

Met

Tyr

260

Gly

Leu

Pro

Leu

Tyr

340

Val

Gly

Gly

Asp

Pro

420

Gly

Ala

Val

Gln

Val

500

Pro

Gly

Arg

Phe

Tyr
580

Tyr

Asp

Phe

Tyr

Asp

245

Ile

Gly

Glu

Asp

Asp

325

Phe

Asn

Ile

Ser

Lys

405

Val

Pro

Gln

Glu

Leu

485

Val

Asn

Thr

Leu

Thr
565

Arg

Thr

Ala

Gln

Asn

230

Thr

Val

His

Ala

Pro

310

Thr

Asp

Thr

Val

Asn

390

Met

Thr

Leu

Lys

Lys

470

Ala

Arg

Val

Ala

Pro

550

Asn

Trp

Asn

185 190

Lys Val Ser Thr Gln Asp Leu Ala Glu
200 205

Gln Cys Ala Arg Asp Ser Lys Val Gly
215 220

Ala Val Asn Glu Ile Pro Ala Cys Ala
235

Ile Leu Arg Lys His Trp Asn Trp Thr
250 255

Ser Asp Cys Asp Ala Val Tyr Tyr Leu
265 270

Arg Tyr Lys Pro Ser Tyr Ala Ala Ala
280 285

Gly Cys Asp Asn Met Cys Trp Ala Thr
295 300

Ala Ser Ala Phe Asn Ser Gly Gln Phe
315

Ala Ile Leu Arg Gln Met Gln Gly Leu
330 335

Gly Pro Gly Gly Met Tyr Arg Asn Leu
345 350

Gln Thr Ala Gln Asp Thr Ala Leu Lys
360 365

Leu Leu Lys Asn Asp Gly Ile Leu Pro
375 380

Phe Gln Val Ala Met Ile Gly Phe Trp
395

Leu Gly Gly Tyr Ser Gly Ser Pro Pro
410 415

Ala Ala Arg Ser Met Gly Ile Thr Val
425 430

Thr Gln Pro Asn Gly Asp Thr Ser Ala
440 445

Ser Asn Ala Val Val Phe Phe Gly Gly
455 460

Glu Ser Gln Asp Arg Thr Ser Ile Glu
475

Leu Ile Arg Arg Leu Ala Glu Thr Gly
490 495

Leu Gly Thr His Val Asp Asp Thr Pro
505 510

Arg Ala Ile Leu Trp Ala Gly Tyr Pro
520 525

Val Val Lys Ile Ile Thr Gly Leu Ala
535 540

Ala Thr Val Tyr Pro Ser Ser Tyr Thr
555

Met Ala Leu Arg Pro Ser Ser Ser Tyr
570 575

Tyr Ser Asn Ala Val Phe Pro Phe Gly
585 590

Phe Ser Val Ser Val Arg Asp Phe Pro
600 605

Tyr

Ser

Asn

240

Asp

Gly

Ile

Gly

Ser

320

Val

Ser

Ala

Leu

Ala

400

Phe

Asn

Ala

Ile

Trp

480

Lys

Leu

Gly

Ser

Ser
560
Pro

His

Ala
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Ser Phe Ala Ile Ala Asp Leu Leu Ala Ser Cys Gly Asp Ser Val Ala
610 615 620

Tyr Leu Asp Leu Cys Pro Phe Pro Ser Val Ser Leu Asn Val Thr Asn
625 630 635 640

Thr Gly Thr Arg Val Ser Asp Tyr Val Ala Leu Gly Phe Leu Ser Gly
645 650 655

Asp Phe Gly Pro Ser Pro His Pro Ile Lys Thr Leu Ala Thr Tyr Lys
660 665 670

Arg Val Phe Asn Ile Glu Pro Gly Glu Thr Gln Val Ala Glu Leu Asp
675 680 685

Trp Lys Leu Glu Ser Leu Val Arg Val Asp Glu Lys Gly Asn Arg Val
690 695 700

Leu Tyr Pro Gly Thr Tyr Thr Leu Leu Val Asp Gln Pro Thr Leu Ala
705 710 715 720

Asn Ile Thr Phe Ile Leu Thr Gly Glu Glu Ala Val Leu Asp Ser Trp
725 730 735

Pro Gln Pro

<210> SEQ ID NO 78
<211> LENGTH: 1155
<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 78

atgcegtacte ttacgttegt getggeagee gecceggtgg ctgtgettge ccaatctect 60
ctgtggggee agtgceggegg tcaaggetgg acaggtecca cgacctgegt ttetggegea 120
gtatgccaat tcgtcaatga ctggtactce caatgegtge ccggatcgag caaccctect 180
acgggcacca ccagcagcac cactggaage accceggete ctactggegg cggeggeage 240
ggaaccggee tccacgacaa attcaaggece aagggcaage tctacttegg aaccgagatc 300
gatcactacc atctcaacaa caatgccttyg accaacattg tcaagaaaga ctttggtcaa 360
gtcactcacg agaacagctt gaagtgggat gctactgage cgagccgcaa tcaattcaac 420
tttgccaacyg ccgacgeggt tgtcaacttt geccaggeca acggcaaget catccegegge 480
cacaccctee tectggeacte tcagetgeeg cagtgggtge agaacatcaa cgaccgcaac 540
accttgacce aggtcatcga gaaccacgte accacccettg tcactegeta caagggcaag 600
atcctecact gggacgtegt taacgagate tttgecgagg acggcetceget ccgegacage 660
gtcttecagee gegtectegg cgaggacttt gteggcateg cctteegege cgecegeged 720
gecgatccca acgccaaget ctacatcaac gactacaacce tcgacattge caactacgec 780
aaggtgacce ggggcatggt cgagaaggte aacaagtgga tegeccaggg catcccgate 840
gacggcatcg gcacccagtg ccacctggee gggecceggeg ggtggaacac ggecgeegge 900
gtcecegacyg ccectcaagge cctegecgeg gecaacgtca aggagatcge catcaccgag 960

ctcgacateg ccggegecte cgccaacgac tacctcaceg tcatgaacge ctgcctcecag 1020

gtctccaagt gegtcecggcat caccgtetgg ggcgtcectcectyg acaaggacag ctggaggtceg 1080

agcagcaacce cgctectett cgacagcaac taccagecaa aggeggcata caatgetcetg 1140

attaatgcct tgtaa 1155

<210> SEQ ID NO 79

<211> LENGTH: 384
<212> TYPE: PRT
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355

-continued

356

<213> ORGANISM:

<400> SEQUENCE:

Met Arg Thr Leu

1

Ala

Pro

Tyr

Ser

65

Gly

Gly

Ile

Trp

Asp

145

Asn

Leu

Glu

225

Ala

Ala

Trp

Leu

Leu

305

Leu

Ala

Ser

Ser

Gln

Thr

Ser

50

Ser

Thr

Thr

Val

Asp

130

Ala

Thr

Asp

Val

Ile

210

Leu

Asp

Asn

Ile

Ala

290

Lys

Asp

Cys

Asp

Asn
370

Ser

Thr

35

Gln

Thr

Gly

Glu

Lys

115

Ala

Val

Leu

Arg

Thr

195

Phe

Gly

Pro

Tyr

Ala

275

Gly

Ala

Ile

Leu

Lys

355

Tyr

Pro

20

Cys

Cys

Thr

Leu

Ile

100

Lys

Thr

Val

Leu

Asn

180

Arg

Ala

Glu

Asn

Ala

260

Gln

Pro

Leu

Ala

Gln

340

Asp

Gln

Myceliophthora thermophila

79

Thr Phe Val Leu Ala Ala Ala Pro Val Ala Val

Leu Trp Gly Gln Cys Gly Gly Gln Gly Trp Thr
25 30

Val Ser Gly Ala Val Cys Gln Phe Val Asn Asp
40 45

Val Pro Gly Ser Ser Asn Pro Pro Thr Gly Thr
Gly Ser Thr Pro Ala Pro Thr Gly Gly Gly Gly
70 75

His Asp Lys Phe Lys Ala Lys Gly Lys Leu Tyr
85 90 95

Asp His Tyr His Leu Asn Asn Asn Ala Leu Thr
105 110

Asp Phe Gly Gln Val Thr His Glu Asn Ser Leu
120 125

Glu Pro Ser Arg Asn Gln Phe Asn Phe Ala Asn
135 140

Asn Phe Ala Gln Ala Asn Gly Lys Leu Ile Arg
150 155

Trp His Ser Gln Leu Pro Gln Trp Val Gln Asn
165 170 175

Thr Leu Thr Gln Val Ile Glu Asn His Val Thr
185 190

Tyr Lys Gly Lys Ile Leu His Trp Asp Val Val
200 205

Glu Asp Gly Ser Leu Arg Asp Ser Val Phe Ser
215 220

Asp Phe Val Gly Ile Ala Phe Arg Ala Ala Arg
230 235

Ala Lys Leu Tyr Ile Asn Asp Tyr Asn Leu Asp
245 250 255

Lys Val Thr Arg Gly Met Val Glu Lys Val Asn
265 270

Gly Ile Pro Ile Asp Gly Ile Gly Thr Gln Cys
280 285

Gly Gly Trp Asn Thr Ala Ala Gly Val Pro Asp
295 300

Ala Ala Ala Asn Val Lys Glu Ile Ala Ile Thr
310 315

Gly Ala Ser Ala Asn Asp Tyr Leu Thr Val Met
325 330 335

Val Ser Lys Cys Val Gly Ile Thr Val Trp Gly
345 350

Ser Trp Arg Ser Ser Ser Asn Pro Leu Leu Phe
360 365

Pro Lys Ala Ala Tyr Asn Ala Leu Ile Asn Ala
375 380

<210> SEQ ID NO 80

<211> LENGTH:

367

Leu

Gly

Trp

Thr

Ser

80

Phe

Asn

Lys

Ala

Gly

160

Ile

Thr

Asn

Arg

Ala

240

Ile

Lys

His

Ala

Glu

320

Asn

Val

Asp

Leu
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-continued

358

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gln

1

Thr

Ser

Ser

Thr

65

Thr

Asp

Ala

Thr

145

Asp

Ile

Leu

Asp

225

Asn

Ile

Ala

Lys

Asp

305

Cys

Asp

Ser

Thr

Gln

Thr

50

Gly

Glu

Lys

Ala

Val

130

Leu

Arg

Thr

Phe

Gly

210

Pro

Tyr

Ala

Gly

Ala

290

Ile

Leu

Lys

Tyr

Pro

Cys

Cys

35

Thr

Leu

Ile

Lys

Thr

115

Val

Leu

Asn

Arg

Ala

195

Glu

Asn

Ala

Gln

Pro

275

Leu

Ala

Gln

Asp

Gln
355

Leu

Val

20

Val

Gly

His

Asp

Asp

100

Glu

Asn

Trp

Thr

Tyr

180

Glu

Asp

Ala

Lys

Gly

260

Gly

Ala

Gly

Val

Ser
340

Pro

Myceliophthora thermophila

80

Trp Gly Gln Cys Gly Gly Gln Gly Trp Thr Gly

Ser Gly Ala Val Cys Gln Phe Val Asn Asp Trp
25 30

Pro Gly Ser Ser Asn Pro Pro Thr Gly Thr Thr
40 45

Ser Thr Pro Ala Pro Thr Gly Gly Gly Gly Ser
55 60

Asp Lys Phe Lys Ala Lys Gly Lys Leu Tyr Phe
70 75

His Tyr His Leu Asn Asn Asn Ala Leu Thr Asn
85 90 95

Phe Gly Gln Val Thr His Glu Asn Ser Leu Lys
105 110

Pro Ser Arg Asn Gln Phe Asn Phe Ala Asn Ala
120 125

Phe Ala Gln Ala Asn Gly Lys Leu Ile Arg Gly
135 140

His Ser Gln Leu Pro Gln Trp Val Gln Asn Ile
150 155

Leu Thr Gln Val Ile Glu Asn His Val Thr Thr
165 170 175

Lys Gly Lys Ile Leu His Trp Asp Val Val Asn
185 190

Asp Gly Ser Leu Arg Asp Ser Val Phe Ser Arg
200 205

Phe Val Gly Ile Ala Phe Arg Ala Ala Arg Ala
215 220

Lys Leu Tyr Ile Asn Asp Tyr Asn Leu Asp Ile
230 235

Val Thr Arg Gly Met Val Glu Lys Val Asn Lys
245 250 255

Ile Pro Ile Asp Gly Ile Gly Thr Gln Cys His
265 270

Gly Trp Asn Thr Ala Ala Gly Val Pro Asp Ala
280 285

Ala Ala Asn Val Lys Glu Ile Ala Ile Thr Glu
295 300

Ala Ser Ala Asn Asp Tyr Leu Thr Val Met Asn
310 315

Ser Lys Cys Val Gly Ile Thr Val Trp Gly Val
325 330 335

Trp Arg Ser Ser Ser Asn Pro Leu Leu Phe Asp
345 350

Lys Ala Ala Tyr Asn Ala Leu Ile Asn Ala Leu
360 365

<210> SEQ ID NO 81

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Myceliophthora thermophila

1128

Pro

Tyr

Ser

Gly

Gly

80

Ile

Trp

Asp

His

Asn

160

Leu

Glu

Val

Ala

Ala

240

Trp

Leu

Leu

Leu

Ala

320

Ser

Ser
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<400> SEQUENCE: 81

atgcatctct
ggcaagggce
ctcaagtact
gacaagtacg
ccgaccaacyg
gagggtgaca
ctegtetgge
ctgegecagyg
tatgcectggyg
ttctacaagg
gacccccacy
gagggcgeca
ggcctgcagyg
atcaagggct
tccatccegy
ggegettgeg
ttcagetggy

ttttccaage

gggtgcaagg

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

cctegtetet
acggccacgg
teggetetge
cccagtacga
gccaaaagtyg
tcgtgacgaa
acagccagcet
tcattgtcaa
acgtcgtcaa
tgcteggega
ccaageteta
agcgcategt
cccacctegt
tcaccgaget
ccaacgecac
tccaggtteg
tcecetgecac

accecegecta

gcaagggcaa

D NO 82
H: 375
PRT

cctectecte

ccececatace

caccgactct

ccagatcatg

getgtttact

cctggecegy

cgeceecttygy

ccacatcacc

cgaggeectyg

ggactacatc

ctacaacgac

caagatgctce

cgcegagage

cggcgtcgag

caacctegec

cggetgeatt

cttececegge

cgacggegte

dggcaagggce

geegecettge cceetgggeat

gggctecaca ccctegecaa

cceggecage gtgagegege

tggaagtcgg gcgagttcgg

gageccegage gtggegtgtt

aagcacggtt tcatgcageg

gtcgagtega ccgagtggac

cacgtggeeyg gctactacaa

aacgaggacyg gcacctaccg

aagctggect tcgagacgge

tacaacctecg agtcccccag

aaggacgccyg gcatccgeat

cacccgacce tcgacgagca

gtcgeectga ccgagetcega

cagcagaggy aggcgtacaa

ggcgtggaga tctgggactt

cagggcgece ccctgetetyg

gtcgaggece tgaccaacag

aaggtttgga aggcctaa

ISM: Myceliophthora thermophila

<400> SEQUENCE: 82

Met His Leu
1

Ile Ala Gly
His Thr Leu
35

Asp Ser Pro
50

Gln Tyr Asp
65

Pro Thr Asn

Phe Asn Phe

Gly Phe Met

115

Pro Trp Val
130

Ile Val Asn
145

Ser Ser Ser Leu Leu

Lys Gly Lys Gly His

20

Ala Lys Gln Ala Gly

40

Gly Gln Arg Glu Arg

55

Gln Ile Met Trp Lys

70

Gly Gln Lys Trp Leu

85

Thr Glu Gly Asp Ile

100

Gln Arg Cys His Ala

120

Glu Ser Thr Glu Trp

135

His Ile Thr His Val
150

Leu

Gly

25

Leu

Ala

Ser

Phe

Val
105
Leu

Thr

Ala

Leu

10

His

Lys

Gly

Gly

Thr

90

Thr

Val

Pro

Gly

Ala Ala Leu Pro
Gly Pro His Thr
30

Tyr Phe Gly Ser
45

Tyr Glu Asp Lys
60

Glu Phe Gly Leu
75

Glu Pro Glu Arg
Asn Leu Ala Arg
110

Trp His Ser Gln
125

Glu Glu Leu Arg
140

Tyr Tyr Lys Gly
155

cgceggcaag
gecaggecegge
cggctacgag
cctgacgace
caacttcacc
gtgccacgeg
geccgaggag
gggcaagtge
cgagtcegte
cgccaaggte
cgccaagace
cgacggegte
catcgatgee
catccgecte
gaacgtcgte
ctatgaccce
gttegaggac

gaccacgggce

Leu Gly
15

Gly Leu

Ala Thr

Tyr Ala

Thr Thr

80

Gly Val

95

Lys His

Leu Ala

Gln Val

Lys Cys
160

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1128
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Tyr

Arg

Ala

Asn

Arg

225

Gly

Leu

Leu

Gln

305

Phe

Trp

Ala

Lys

Ala

Glu

Phe

Asp

210

Ile

Leu

Ile

Thr

Ala

290

Val

Ser

Phe

Leu

Gly
370

Trp

Ser

Glu

195

Tyr

Val

Gln

Asp

Glu

275

Gln

Arg

Trp

Glu

Thr

355

Lys

Asp

Val

180

Thr

Asn

Lys

Ala

Ala

260

Leu

Gln

Gly

Val

Asp

340

Asn

Val

Val

165

Phe

Ala

Leu

Met

His

245

Ile

Asp

Arg

Cys

Pro

325

Phe

Arg

Trp

<210> SEQ ID NO 83

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Myceliophthora thermophila

PRT

<400> SEQUENCE:

Lys
1
Ala
Gly
Gln
Gly
65

Thr

Gln

Glu

Asp
145

Gly

Lys

Gln

Ile

Gln

Glu

Arg

Ser

Ile

130

Val

Lys

Gln

Arg

35

Met

Lys

Gly

Cys

Thr

115

Thr

Val

Gly

Ala

20

Glu

Trp

Trp

Asp

His

100

Glu

His

Asn

356

83

His

Gly

Arg

Lys

Leu

Ile

85

Ala

Trp

Val

Glu

Val

Tyr

Ala

Glu

Leu

230

Leu

Lys

Ile

Glu

Ile

310

Ala

Ser

Thr

Lys

Gly

Leu

Ala

Ser

Phe

70

Val

Leu

Thr

Ala

Ala
150

Asn

Lys

Lys

Ser

215

Lys

Val

Gly

Arg

Ala

295

Gly

Thr

Lys

Thr

Ala
375

His

Lys

Gly

Gly

Thr

Thr

Val

Pro

Gly
135

Leu

Glu

Val

Val

200

Pro

Asp

Ala

Phe

Leu

280

Tyr

Val

Phe

His

Gly
360

Gly

Tyr

Tyr

40

Glu

Glu

Asn

Trp

Glu
120

Tyr

Asn

Ala

Leu

185

Asp

Ser

Ala

Glu

Thr

265

Ser

Lys

Glu

Pro

Pro

345

Gly

Pro

Phe

25

Glu

Phe

Pro

Leu

His

105

Glu

Tyr

Glu

Leu

170

Gly

Pro

Ala

Gly

Ser

250

Glu

Ile

Asn

Ile

Gly

330

Ala

Cys

His

10

Gly

Asp

Gly

Glu

Ala

90

Ser

Leu

Lys

Asp

Asn

Glu

His

Lys

Ile

235

His

Leu

Pro

Val

Trp

315

Gln

Tyr

Lys

Thr

Ser

Lys

Leu

Arg

75

Arg

Gln

Arg

Gly

Gly
155

Glu

Asp

Ala

Thr

220

Arg

Pro

Gly

Ala

Val

300

Asp

Gly

Asp

Gly

Gly

Ala

Tyr

Thr

60

Gly

Lys

Leu

Gln

Lys
140

Thr

Asp Gly Thr

Tyr

Lys

205

Glu

Ile

Thr

Val

Asn

285

Gly

Phe

Ala

Gly

Lys
365

Leu

Thr

Ala

45

Thr

Val

His

Ala

Val
125

Cys

Tyr

Ile

190

Leu

Gly

Asp

Leu

Glu

270

Ala

Ala

Tyr

Pro

Val

350

Gly

His

Asp

30

Gln

Pro

Phe

Gly

Pro

110

Ile

Tyr

Arg

175

Lys

Tyr

Ala

Gly

Asp

255

Val

Thr

Cys

Asp

Leu

335

Val

Lys

Thr

15

Ser

Tyr

Thr

Asn

Phe

95

Trp

Val

Ala

Glu

Tyr

Leu

Tyr

Lys

Val

240

Glu

Ala

Asn

Val

Pro

320

Leu

Glu

Gly

Leu

Pro

Asp

Asn

Phe

80

Met

Val

Asn

Trp

Ser
160
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Val Phe Tyr Lys Val Leu Gly Glu Asp Tyr Ile Lys Leu Ala Phe Glu
165 170 175

Thr Ala Ala Lys Val Asp Pro His Ala Lys Leu Tyr Tyr Asn Asp Tyr
180 185 190

Asn Leu Glu Ser Pro Ser Ala Lys Thr Glu Gly Ala Lys Arg Ile Val
195 200 205

Lys Met Leu Lys Asp Ala Gly Ile Arg Ile Asp Gly Val Gly Leu Gln
210 215 220

Ala His Leu Val Ala Glu Ser His Pro Thr Leu Asp Glu His Ile Asp
225 230 235 240

Ala Ile Lys Gly Phe Thr Glu Leu Gly Val Glu Val Ala Leu Thr Glu
245 250 255

Leu Asp Ile Arg Leu Ser Ile Pro Ala Asn Ala Thr Asn Leu Ala Gln
260 265 270

Gln Arg Glu Ala Tyr Lys Asn Val Val Gly Ala Cys Val Gln Val Arg
275 280 285

Gly Cys Ile Gly Val Glu Ile Trp Asp Phe Tyr Asp Pro Phe Ser Trp
290 295 300

Val Pro Ala Thr Phe Pro Gly Gln Gly Ala Pro Leu Leu Trp Phe Glu
305 310 315 320

Asp Phe Ser Lys His Pro Ala Tyr Asp Gly Val Val Glu Ala Leu Thr
325 330 335

Asn Arg Thr Thr Gly Gly Cys Lys Gly Lys Gly Lys Gly Lys Gly Lys
340 345 350

Val Trp Lys Ala
355

<210> SEQ ID NO 84

<211> LENGTH: 1242

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 84

atgcactcca aagctttett ggcagegett cttgegectg cegtctcagg gcaactgaac 60
gacctegecyg tcagggetgg actcaagtac tttggtactg ctettagega gagegtcatce 120
aacagtgata ctecggtatge tgccatccte agegacaaga geatgttegg ccagetegte 180
cccgagaatyg gcatgaagtg ggatgcetact gageegteee gtggecagtt caactacgcece 240
tcgggegaca tcacggecaa cacggcecaag aagaatggec agggcatgeg ttgccacacce 300
atggtctggt acagecaget cecgagetgg gtetectegg getegtggac cagggacteg 360
ctcacctegyg tcatcgagac gcacatgaac aacgtcatgg gecactacaa gggccaatge 420
tacgcctggg atgtcatcaa cgaggecate aatgacgacg gcaactcetg gegegacaac 480
gtctttetee ggacctttgg gaccgactac ttegecctgt ccttcaacct agecaagaag 540
gecgatceeg ataccaaget gtactacaac gactacaacce tcgagtacaa ccaggccaag 600
acggaccgeg ctgttgaget cgtcaagatg gtecaggeeg ceggegegee catcgacggt 660
gteggettee agggecacct cattgtegge tcgaccccga cgegetegea gotggecace 720
gecctecage gettcaccge geteggecte gaggtegect acaccgaget cgacatcege 780
cactcgagece tgccggecte ttegteggeg ctegegacee agggcaacga cttegecaac 840
gtggtegget cttgectcega caccgecgge tgcegteggeg tcaccgtetyg gggettcace 900

gatgcgcact cgtggatcecc gaacacgtte cceggecagg gcegacgecct gatctacgac 960
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366

-continued
agcaactaca acaagaagcc cgcgtggacce tegatctegt cegtectgge cgccaaggece 1020
accggegece cgcccgecte gtectecace accctegtea ccatcaccac ccctecgecyg 1080
gcatccacca ccgectecte ctectecagt gecacgecca cgagcegtecce gacgcagacyg 1140
aggtggggac agtgcggegg catcggatgg acggggccga cccagtgcega gageccatgg 1200
acctgccaga agctgaacga ctggtactgg cagtgcctgt aa 1242

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 85
H: 413
PRT

ISM: Myceliophthora thermophila

<400> SEQUENCE: 85

Met His Ser
1

Gly Gln Leu
Thr Ala Leu
35

Ile Leu Ser
50

Met Lys Trp
65

Ser Gly Asp

Arg Cys His

Ser Gly Ser

115

Met Asn Asn
130

Val Ile Asn

Val Phe Leu

Leu Ala Lys

Asn Leu Glu
195

Lys Met Val
210

Gly His Leu
225

Ala Leu Gln

Leu Asp Ile

Thr Gln Gly

275

Ala Gly Cys
290

Trp Ile Pro
305

Lys Ala Phe Leu Ala

Asn Asp Leu Ala Val

20

Ser Glu Ser Val Ile

40

Asp Lys Ser Met Phe

55

Asp Ala Thr Glu Pro

70

Ile Thr Ala Asn Thr

85

Thr Met Val Trp Tyr

100

Trp Thr Arg Asp Ser

120

Val Met Gly His Tyr

135

Glu Ala Ile Asn Asp
150

Arg Thr Phe Gly Thr

165

Lys Ala Asp Pro Asp

180

Tyr Asn Gln Ala Lys

200

Gln Ala Ala Gly Ala

215

Ile Val Gly Ser Thr
230

Arg Phe Thr Ala Leu

245

Arg His Ser Ser Leu

260

Asn Asp Phe Ala Asn

280

Val Gly Val Thr Val

295

Asn Thr Phe Pro Gly
310

Ala

Arg

25

Asn

Gly

Ser

Ala

Ser

105

Leu

Lys

Asp

Asp

Thr

185

Thr

Pro

Pro

Gly

Pro
265
Val

Trp

Gln

Leu

10

Ala

Ser

Gln

Arg

Lys

90

Gln

Thr

Gly

Gly

Tyr

170

Lys

Asp

Ile

Thr

Leu

250

Ala

Val

Gly

Gly

Leu

Gly

Asp

Leu

Gly

75

Lys

Leu

Ser

Gln

Asn

155

Phe

Leu

Arg

Asp

Arg

235

Glu

Ser

Gly

Phe

Asp
315

Ala Pro Ala
Leu Lys Tyr
30

Thr Arg Tyr
45

Val Pro Glu
60

Gln Phe Asn

Asn Gly Gln

Pro Ser Trp
110

Val Ile Glu
125

Cys Tyr Ala
140

Ser Trp Arg

Ala Leu Ser

Tyr Tyr Asn

190

Ala Val Glu
205

Gly Val Gly
220

Ser Gln Leu

Val Ala Tyr

Ser Ser Ala

270

Ser Cys Leu
285

Thr Asp Ala
300

Ala Leu Ile

Val Ser

15

Phe Gly

Ala Ala

Asn Gly

Tyr Ala

80

Gly Met

Val Ser

Thr His

Trp Asp

Asp Asn

160

Phe Asn
175

Asp Tyr

Leu Val

Phe Gln

Ala Thr

240

Thr Glu

255

Leu Ala

Asp Thr

His Ser

Tyr Asp
320



367

US 9,476,077 B2

-continued

368

Ser

Ala

Ser

Cys
385

Thr

<210>
<211>
<212>
<213>

<400>

Asn

Ala

Thr

Ser

370

Gly

Cys

Tyr

Lys

Ile

355

Ala

Gly

Gln

Asn

Ala

340

Thr

Thr

Ile

Lys

PRT

SEQUENCE :

Gln Leu Asn Asp

1

Ala

Leu

Lys

Gly

65

Cys

Gly

Asn

Ile

Phe

145

Ala

Leu

Met

Leu
225
Asp

Gln

Gly

Leu

Ser

Trp

Asp

His

Ser

Asn

Asn

130

Leu

Lys

Glu

Val

Leu

210

Gln

Ile

Gly

Cys

Ser

Asp

35

Asp

Ile

Thr

Trp

Val

115

Glu

Arg

Lys

Tyr

Gln

195

Ile

Arg

Arg

Asn

Val
275

Glu

20

Lys

Ala

Thr

Met

Thr

100

Met

Ala

Thr

Ala

Asn

180

Ala

Val

Phe

His

Asp

260

Gly

Lys

325

Thr

Thr

Pro

Gly

Leu
405

SEQ ID NO 86
LENGTH:
TYPE :
ORGANISM: Myceliophthora thermophila

396

86

Leu

Ser

Ser

Thr

Ala

Val

85

Arg

Gly

Ile

Phe

Asp

165

Gln

Ala

Gly

Thr

Ser
245

Phe

Val

Lys

Gly

Pro

Thr

Trp

390

Asn

Ala

Val

Met

Glu

Asn

70

Trp

Asp

His

Asn

Gly

150

Pro

Ala

Gly

Ser

Ala
230
Ser

Ala

Thr

Pro

Ala

Pro

Ser

375

Thr

Asp

Val

Ile

Phe

Pro

55

Thr

Tyr

Ser

Tyr

Asp

135

Thr

Asp

Lys

Ala

Thr

215

Leu

Leu

Asn

Val

Ala

Pro

Pro

360

Val

Gly

Trp

Arg

Asn

Gly

40

Ser

Ala

Ser

Leu

Lys

120

Asp

Asp

Thr

Thr

Pro

200

Pro

Gly

Pro

Val

Trp
280

Trp

Pro

345

Ala

Pro

Pro

Tyr

Ala

Ser

25

Gln

Arg

Lys

Gln

Thr

105

Gly

Gly

Tyr

Lys

Asp

185

Ile

Thr

Leu

Ala

Val
265

Gly

Thr

330

Ala

Ser

Thr

Thr

Trp
410

Gly

10

Asp

Leu

Gly

Lys

Leu

90

Ser

Gln

Asn

Phe

Leu

170

Arg

Asp

Arg

Glu

Ser
250

Gly

Phe

Ser

Ser

Thr

Gln

Gln

395

Gln

Leu

Thr

Val

Gln

Asn

75

Pro

Val

Cys

Ser

Ala

155

Tyr

Ala

Gly

Ser

Val
235
Ser

Ser

Thr

Ile

Ser

Thr

Thr

380

Cys

Cys

Lys

Arg

Pro

Phe

60

Gly

Ser

Ile

Tyr

Trp

140

Leu

Tyr

Val

Val

Gln

220

Ala

Ser

Cys

Asp

Ser

Ser

Ala

365

Arg

Glu

Leu

Tyr

Tyr

Glu

45

Asn

Gln

Trp

Glu

Ala

125

Arg

Ser

Asn

Glu

Gly

205

Leu

Tyr

Ala

Leu

Ala
285

Ser

Thr

350

Ser

Trp

Ser

Phe

Ala

30

Asn

Tyr

Gly

Val

Thr

110

Trp

Asp

Phe

Asp

Leu

190

Phe

Ala

Thr

Leu

Asp
270

His

Val

335

Thr

Ser

Gly

Pro

Gly

15

Ala

Gly

Ala

Met

Ser

95

His

Asp

Asn

Asn

Tyr

175

Val

Gln

Thr

Glu

Ala
255

Thr

Ser

Leu

Leu

Ser

Gln

Trp
400

Thr

Ile

Met

Ser

Arg

80

Ser

Met

Val

Val

Leu

160

Asn

Lys

Gly

Ala

Leu
240
Thr

Ala

Trp
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Ile Pro Asn Thr Phe Pro Gly Gln Gly Asp Ala Leu Ile Tyr Asp Ser
290 295 300

Asn Tyr Asn Lys Lys Pro Ala Trp Thr Ser Ile Ser Ser Val Leu Ala
305 310 315 320

Ala Lys Ala Thr Gly Ala Pro Pro Ala Ser Ser Ser Thr Thr Leu Val
325 330 335

Thr Ile Thr Thr Pro Pro Pro Ala Ser Thr Thr Ala Ser Ser Ser Ser
340 345 350

Ser Ala Thr Pro Thr Ser Val Pro Thr Gln Thr Arg Trp Gly Gln Cys
355 360 365

Gly Gly Ile Gly Trp Thr Gly Pro Thr Gln Cys Glu Ser Pro Trp Thr
370 375 380

Cys Gln Lys Leu Asn Asp Trp Tyr Trp Gln Cys Leu
385 390 395

<210> SEQ ID NO 87

<211> LENGTH: 693

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 87

atggtctect tcaaggccct cgttctegge geegttggeyg cectetectt cectttcaac 60
gtcaccgage tgtccgagge gcacgeccegg ggcgagaatg tgaccgaget cttgatgtet 120
cgegecggea cgccgageca gaccggetgg cacggggget actacttete cttetggace 180
gacaacggceyg gcaccgtcaa ctactggaac ggcgacaatg gcagatacgg tgtccagtgg 240
cagaactgceg gcaactttgt cggcggtaag ggatggaacce cceggegcegge gcggaccate 300
aacttcageg gctecttcaa ccecgteggge aacgggtace tggecgtgta cgggtggacyg 360
cagaacccge tgatcgagta ctacatcgte gagtegtteg gcacgtacga cccgtegteg 420
caggcccagg tccteggcac cttctaccag gacggcagea actacaagat cgccaagacg 480
acccgetaca accageccte catcgaggge accagcacct tcegaccagtt ctggtceegte 540
cgcgagaace accgcaccag cggcagegte aacgtceggeg cccacttege ccegetggcag 600
caggceggee tccgectegg cacccacaac taccaaatca tggcecaccga gggctaccag 660
agcagcggcet cctcecgatat caccgtetgg taa 693

<210> SEQ ID NO 88

<211> LENGTH: 230

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 88

Met Val Ser Phe Lys Ala Leu Val Leu Gly Ala Val Gly Ala Leu Ser
1 5 10 15

Phe Pro Phe Asn Val Thr Glu Leu Ser Glu Ala His Ala Arg Gly Glu
20 25 30

Asn Val Thr Glu Leu Leu Met Ser Arg Ala Gly Thr Pro Ser Gln Thr
35 40 45

Gly Trp His Gly Gly Tyr Tyr Phe Ser Phe Trp Thr Asp Asn Gly Gly
50 55 60

Thr Val Asn Tyr Trp Asn Gly Asp Asn Gly Arg Tyr Gly Val Gln Trp
65 70 75 80

Gln Asn Cys Gly Asn Phe Val Gly Gly Lys Gly Trp Asn Pro Gly Ala
85 90 95
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Ala

Tyr

Ile

Leu

145

Thr

Phe

Gly

Ser
225

<210>
<211>
<212>
<213>

<400>

Arg

Leu

Val

130

Gly

Arg

Trp

Ala

Asn

210

Asp

Thr

Ala

115

Glu

Thr

Tyr

Ser

His

195

Tyr

Ile

Ile

100

Val

Ser

Phe

Asn

Val

180

Phe

Gln

Thr

PRT

SEQUENCE :

Phe Pro Phe Asn

1

Asn

Gly

Thr

Gln

65

Ala

Tyr

Ile

Leu

Thr

145

Phe

Gly

Ser

Val

Trp

Val

50

Asn

Arg

Leu

Val

Gly

130

Arg

Trp

Ala

Asn

Asp
210

Thr

His

35

Asn

Cys

Thr

Ala

Glu

115

Thr

Tyr

Ser

His

Tyr

195

Ile

Glu

20

Gly

Tyr

Gly

Ile

Val

100

Ser

Phe

Asn

Val

Phe
180

Gln

Thr

Asn

Tyr

Phe

Tyr

Gln

165

Arg

Ala

Ile

Val

SEQ ID NO 89
LENGTH:
TYPE :
ORGANISM: Myceliophthora thermophila

214

89

Val

Leu

Gly

Trp

Asn

Asn

85

Tyr

Phe

Tyr

Gln

Arg

165

Ala

Ile

Val

Phe

Gly

Gly

Gln

150

Pro

Glu

Arg

Met

Trp
230

Thr

Leu

Tyr

Asn

Phe

70

Phe

Gly

Gly

Gln

Pro

150

Glu

Arg

Met

Trp

Ser

Trp

Thr

135

Asp

Ser

Asn

Trp

Ala
215

Glu

Met

Tyr

Gly

55

Val

Ser

Trp

Thr

Asp

135

Ser

Asn

Trp

Ala

Gly

Thr

120

Tyr

Gly

Ile

His

Gln

200

Thr

Leu

Ser

Phe

40

Asp

Gly

Gly

Thr

Tyr

120

Gly

Ile

His

Gln

Thr
200

Ser

105

Gln

Asp

Ser

Glu

Arg

185

Gln

Glu

Ser

Arg

25

Ser

Asn

Gly

Ser

Gln

105

Asp

Ser

Glu

Arg

Gln
185

Glu

Phe

Asn

Pro

Asn

Gly

170

Thr

Ala

Gly

Glu

10

Ala

Phe

Gly

Lys

Phe

90

Asn

Pro

Asn

Gly

Thr
170

Ala

Gly

Asn

Pro

Ser

Tyr

155

Thr

Ser

Gly

Tyr

Ala

Gly

Trp

Arg

Gly

Asn

Pro

Ser

Tyr

Thr

155

Ser

Gly

Tyr

Pro

Leu

Ser

140

Lys

Ser

Gly

Leu

Gln
220

His

Thr

Thr

Tyr

60

Trp

Pro

Leu

Ser

Lys

140

Ser

Gly

Leu

Gln

Ser

Ile

125

Gln

Ile

Thr

Ser

Arg

205

Ser

Ala

Pro

Asp

45

Gly

Asn

Ser

Ile

Gln

125

Ile

Thr

Ser

Arg

Ser
205

Gly

110

Glu

Ala

Ala

Phe

Val

190

Leu

Ser

Arg

Ser

30

Asn

Val

Pro

Gly

Glu

110

Ala

Ala

Phe

Val

Leu
190

Ser

Asn

Tyr

Gln

Lys

Asp

175

Asn

Gly

Gly

Gly

Gln

Gly

Gln

Gly

Asn

95

Tyr

Gln

Lys

Asp

Asn
175

Gly

Gly

Gly

Tyr

Val

Thr

160

Gln

Val

Thr

Ser

Glu

Thr

Gly

Trp

Ala

Gly

Tyr

Val

Thr

Gln

160

Val

Thr

Ser
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374

<210> SEQ ID NO 90

<211> LENGTH: 738

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 90

atggtttetyg tcaaggcagt cctectecte ggegecgeeg geaccacect ggectteceg

ttcaacgcta cccagttcag cgagetegtt gecegggeeg geaccecgag cggcaccegge

acgcacgacg gcttctacta ctecttetgg accgacggeg geggcaacgt caactacgag

aacggtcctyg geggetecta caccgtecag tggcagaact geggcaactt tgteggegge

aagggctgga accccggeca ggcccgeace atcacctact cgggcacegt cgacttccag

ggcggcaacyg gctacctgge catctacgge tggacgcaga acccgctgat cgagtactac

atcgtcegagt cgtteggete gtacgaccee tegtegeagg cecagacttt cggcaccegte

gaggtggacg gcggcaccta cacgctggee aagacgacgce goegtcaacca geectegatce

gagggcacca gcaccttcga ccagttetgg tcegteegee agcagcaccyg cacctecgge

tcegtegacyg teggegecca cttegacgee tgggecaagg ceggecteca geteggcace

cacaactaca gatcgtegece accgagggcet accagagcag cggetectcet tccatcacceg

tccaggecta agagggecct caggectttg ctetactgec ctcetectete ctetgegett

tcegtaaggyg agatctaa

<210> SEQ ID NO 91

<211> LENGTH: 245

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 91

Met

1

Leu

Ala

Phe

Gly

Lys

Gln

Asp

Gly

145

Glu

Arg

Val Ser Val Lys Ala Val Leu Leu Leu Gly Ala Ala Gly Thr Thr
5 10 15

Ala Phe Pro Phe Asn Ala Thr Gln Phe Ser Glu Leu Val Ala Arg
20 25 30

Gly Thr Pro Ser Gly Thr Gly Thr His Asp Gly Phe Tyr Tyr Ser
35 40 45

Trp Thr Asp Gly Gly Gly Asn Val Asn Tyr Glu Asn Gly Pro Gly
50 55 60

Ser Tyr Thr Val Gln Trp Gln Asn Cys Gly Asn Phe Val Gly Gly
70 75 80

Gly Trp Asn Pro Gly Gln Ala Arg Thr Ile Thr Tyr Ser Gly Thr
85 90 95

Asp Phe Gln Gly Gly Asn Gly Tyr Leu Ala Ile Tyr Gly Trp Thr
100 105 110

Asn Pro Leu Ile Glu Tyr Tyr Ile Val Glu Ser Phe Gly Ser Tyr
115 120 125

Pro Ser Ser Gln Ala Gln Thr Phe Gly Thr Val Glu Val Asp Gly
130 135 140

Thr Tyr Thr Leu Ala Lys Thr Thr Arg Val Asn Gln Pro Ser Ile
150 155 160

Gly Thr Ser Thr Phe Asp Gln Phe Trp Ser Val Arg Gln Gln His
165 170 175

Thr Ser Gly Ser Val Asp Val Gly Ala His Phe Asp Ala Trp Ala

60

120

180

240

300

360

420

480

540

600

660

720

738
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-continued

376

180 185

Lys Ala Gly Leu Gln Leu Gly Thr His Asn Tyr Arg

195 200

Arg Ala Thr Arg Ala Ala Ala Pro Leu Pro Ser Pro
210 215 220

Arg Ala Leu Arg Pro Leu Leu Tyr Cys Pro Leu Leu

225

230 235

Ser Val Arg Glu Ile

<210>
<211>
<212>
<213>
<220>
<223>

<400>

245

SEQ ID NO 92

LENGTH: 227

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 92

Phe Pro Phe Asn Ala Thr Gln Phe Ser Glu Leu Val

5 10

Thr Pro Ser Gly Thr Gly Thr His Asp Gly Phe Tyr

20 25

Thr Asp Gly Gly Gly Asn Val Asn Tyr Glu Asn Gly

35 40

Tyr Thr Val Gln Trp Gln Asn Cys Gly Asn Phe Val

50

55 60

Trp Asn Pro Gly Gln Ala Arg Thr Ile Thr Tyr Ser

70 75

Phe Gln Gly Gly Asn Gly Tyr Leu Ala Ile Tyr Gly

85 90

Pro Leu Ile Glu Tyr Tyr Ile Val Glu Ser Phe Gly

100 105

Ser Ser Gln Ala Gln Thr Phe Gly Thr Val Glu Val

115 120

Tyr Thr Leu Ala Lys Thr Thr Arg Val Asn Gln Pro
130 135 140

Thr Ser Thr Phe Asp Gln Phe Trp Ser Val Arg Gln

145

150 155

Ser Gly Ser Val Asp Val Gly Ala His Phe Asp Ala

165 170

Gly Leu Gln Leu Gly Thr His Asn Tyr Arg Ser Ser

180 185

Thr Arg Ala Ala Ala Pro Leu Pro Ser Pro Ser Arg

195 200

Leu Arg Pro Leu Leu Tyr Cys Pro Leu Leu Ser Ser
210 215 220

Arg Glu Ile

225

<210>
<211>
<212>
<213>

<400>

atgataatga tgagactcaa gtcgggactg geeggggege tggectgggg aacgacggeg

SEQ ID NO 93

LENGTH: 2046

TYPE: DNA

ORGANISM: Myceliophthora thermophila

SEQUENCE: 93

Ser
205

Ser

Ser

Ala

Tyr

Pro

45

Gly

Gly

Trp

Ser

Asp

125

Ser

Gln

Trp

Pro

Pro

205

Ala

190

Ser

Arg

Ser

Arg

Ser

30

Gly

Gly

Thr

Thr

Tyr

110

Gly

Ile

His

Ala

Pro

190

Lys

Leu

Pro

Pro

Ala

Ala

Phe

Gly

Lys

Val

Gln

95

Asp

Gly

Glu

Arg

Lys

175

Arg

Arg

Ser

Pro

Lys

Leu
240

Gly

Trp

Ser

Gly

Asp

Asn

Pro

Thr

Gly

Thr

160

Ala

Ala

Ala

Val
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geggeggegy
aacccgatce
tactgcgtga
ctgatcaact
agctgggega
ggcgtettet
ttcegggega
cccaagateg
ggcgtgcagg
tggaacggga
ttctacctca
agcgaccgge
ggcacggacyg
aactggtggg
gggcegegaga
cecegtgegeyg
gacgggcect
cgggtecege
cgcaaccgge
gtggggcgee
ctgacccage
ggctcegett
gatgtcggca
atgctggegt
gagctgcetcea
tgcaacgggg
cggtggaggt
gagggccagg
aacggcaaag
gttatccege
cgggcetgggg
gatgagaatg
aaggtgatcc

gtgtag

cggeggtgge
tceceegggty
cgtegaccett
ggaagcacgt
cggagggeca
atgtcatctg
cggaccegtt
accecggacct
tgcagcgeat
cgggegggge
tgatcgcega
tgacggggec
agtacttcca
gegtegeect
cegtgetgtt
gegecatgte
tcaacgcgga
gegagggege
tcgacggetyg
gccagaccga
tcgecaacct
catcgegteg
getgtgacgg
ccgaccegga
geggeggete
ccggggagygy
acacgggcga
gcaagggtaa
ccgecaagag
ccctgtggat
cgggegggea
atgccttcaa

aggcacttac

<210> SEQ ID NO 94
<211> LENGTH: 681

<212> TYPE:

PRT

gagagtggga
gcactceggac
catctegtte
cagccacgtyg
gcaggaggge
cgagtacctyg
cgacgacgeg
gttetgggac
ggacctcgac
gtggcccgag
gggeggeacyg
ctacgtctee
gacggtcgge
ggccacgege
ccecegteace
gggctggeeg
cceggacgty
cttegegace
geceggggge
cagectette
gcagctegge
ggccacgtca
cggtgacgac
cceggacegyg
cggetectte
catcgactge
gggccagtte
aggtaaaggg
aagcaggttt
catggaggac
gagctacgte

gggegectet

tctcaacttt

gecggegegy
cegtegtgeyg
ceceggectge
tggaaccgeg
atgtacgegyg
ggegteggeg
gectggageyg
gacgacggga
acgggegeca
ggcccgcaca
gecgaggace
tgcccgeaca
cacggcgace
tceggecegy
tggcgegagg
ctgecgecge
aaggcgatge
acggcgegeg
gecgageegg
accttcageg
ctggtectee
cgcgataceg
ggcggtgacyg
accecggateg
gteggecacee
ccegecggea
tacaccgaga
aacggtaaag
ccaaggtgga
gacccggaga
ttcegecacy
ctectgegtac

gegeatettt

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 94

ccgegaacte gacctactac

tgcaggtgga ggggatctte

ccatctacge gtcccegggac

agtcccaget geccgggtac

cgacgatcceg gcaccgcgag

gcagggacge cggegtgete

acgccctgac cttegecgeg

cggectacgt ggcgacgcag

teggeccgee cgtgecgetyg

tctaccgecyg cgccgaccac

acgccatcac catcgecege

acccgatect gaccaaccge

tcttecagga cgccgeaegge

agtaccgegt ctacccgatg

gegactggee ggtcctgecag

cgacgegega cctgecaegge

cgceggaacct ggtgcactgg

ggCtCCgCgt CgCgCtgggg

ccgecaggge cgtetectte

aggccggegt gaccgegtte

ctggacggeyg ggccagetge

cggtgecgga ggactgcace

gegggtaceg gttegeggece

aggtcggcac cgcegecggec

tgctceggegt ctacgecace

cgcecgacge ttacttcace

ccgatcetegt ccegeccgac

gcaagggcaa cggcaacggce

cgcegggtet aaatggegte

ccegetggee ggceccagaag

gcaacctgca cacagttcegg

cttaccatac ctaccttgee

thgggCgtg gagactgacg

Met Ile Met Met Arg Leu Lys Ser Gly Leu Ala Gly Ala Leu Ala Trp

1

5

10

15

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2046
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380

Gly

Ala

Ser

Ser

65

Leu

Leu

Ala

Tyr

Asp

145

Pro

Ala

Pro

Ile

225

Ser

Leu

Asp

Thr

305

Pro

Asp

Met

Ala

Asp
385

Thr

Ala

Asp

50

Thr

Ile

Pro

Ala

Leu

130

Pro

Lys

Ala

Ile

Glu

210

Ala

Asp

Thr

Leu

Arg

290

Leu

Val

Leu

Pro

Thr

370

Gly

Gly

Thr

Pro

Thr

Ala

35

Pro

Phe

Asn

Gly

Thr

115

Gly

Phe

Ile

Thr

Gly

195

Gly

Glu

Arg

Asn

Phe

275

Ser

Phe

Arg

Pro

Arg

355

Thr

Trp

Arg

Ala

Gly

Ala

Asn

Ser

Ile

Trp

Tyr

100

Ile

Val

Asp

Asp

Gln

180

Pro

Pro

Gly

Leu

Arg

260

Gln

Gly

Pro

Gly

Gly

340

Asn

Ala

Pro

Arg

Phe
420

Arg

Ala

Ser

Cys

Ser

Lys

85

Ser

Arg

Gly

Asp

Pro

165

Gly

Pro

His

Gly

Thr

245

Gly

Asp

Pro

Val

Ala

325

Asp

Leu

Arg

Gly

Gln
405

Leu

Arg

Ala

Thr

Val

Phe

70

His

Trp

His

Gly

Ala

150

Asp

Val

Val

Ile

Thr

230

Gly

Thr

Ala

Glu

Thr

310

Met

Gly

Val

Gly

Gly

390

Thr

Thr

Ala

Ala

Tyr

Gln

55

Pro

Val

Ala

Arg

Arg

135

Ala

Leu

Gln

Pro

Tyr

215

Ala

Pro

Asp

Ala

Tyr

295

Trp

Ser

Pro

His

Leu

375

Ala

Asp

Gln

Ser

Ala

Tyr

40

Val

Gly

Ser

Thr

Glu

120

Asp

Trp

Phe

Val

Leu

200

Arg

Glu

Tyr

Glu

Gly

280

Arg

Arg

Gly

Phe

Trp

360

Arg

Glu

Ser

Leu

Cys

Ala

Asn

Glu

Leu

His

Glu

105

Gly

Ala

Ser

Trp

Gln

185

Trp

Arg

Asp

Val

Tyr

265

Asn

Val

Glu

Trp

Asn

345

Arg

Val

Pro

Leu

Ala
425

Gly

Val

Pro

Gly

Pro

Val

Gly

Val

Gly

Asp

Asp

170

Arg

Asn

Ala

His

Ser

250

Phe

Trp

Tyr

Gly

Pro

330

Ala

Val

Ala

Ala

Phe
410

Asn

Ser

Ala

Ile

Ile

Ile

75

Trp

Gln

Phe

Val

Ala

155

Asp

Met

Gly

Asp

Ala

235

Cys

Gln

Trp

Pro

Asp

315

Leu

Asp

Pro

Leu

Ala
395
Thr

Leu

Ala

Arg Val Gly Ala

Leu

Phe

60

Tyr

Asn

Gln

Tyr

Leu

140

Leu

Asp

Asp

Thr

His

220

Ile

Pro

Thr

Gly

Met

300

Trp

Pro

Pro

Arg

Gly

380

Arg

Phe

Gln

Ser

Pro

45

Tyr

Ala

Arg

Glu

Val

125

Phe

Thr

Gly

Leu

Gly

205

Phe

Thr

His

Val

Val

285

Gly

Pro

Pro

Asp

Glu

365

Arg

Ala

Ser

Leu

Ser

30

Gly

Cys

Ser

Glu

Gly

110

Ile

Arg

Phe

Thr

Asp

190

Gly

Tyr

Ile

Asn

Gly

270

Ala

Arg

Val

Pro

Val

350

Gly

Asn

Val

Glu

Gly
430

Arg

Trp

Val

Arg

Ser

95

Met

Cys

Ala

Ala

Ala

175

Thr

Val

Leu

Ala

Pro

255

His

Leu

Glu

Leu

Thr

335

Lys

Ala

Arg

Ser

Ala
415

Leu

Arg

Gly

His

Thr

Asp

80

Gln

Tyr

Glu

Thr

Ala

160

Tyr

Gly

Trp

Met

Arg

240

Ile

Gly

Ala

Thr

Gln

320

Arg

Ala

Phe

Leu

Phe
400
Gly

Val

Ala
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381

-continued

382

Thr

Cys

465

Met

Thr

Thr

Asp

Thr

545

Glu

Asn

Trp

Glu

Gly

625

Asp

Thr

Leu

Ser

450

Asp

Leu

Ala

Leu

Cys

530

Gly

Gly

Gly

Thr

Asp

610

Gly

Glu

Tyr

Phe

435

Arg

Gly

Ala

Pro

Leu

515

Pro

Glu

Gln

Asn

Pro

595

Asp

Gln

Asn

Leu

Gly
675

Asp

Gly

Ser

Ala

500

Gly

Ala

Gly

Gly

Gly

580

Gly

Pro

Ser

Asp

Ala

660

Ala

Thr

Asp

Asp

485

Glu

Val

Gly

Gln

Lys

565

Asn

Leu

Glu

Tyr

Ala

645

Lys

Trp

<210> SEQ ID NO 95

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Trp Gly Thr Thr

1

Gly

Thr

Asp

65

Gln

Tyr

Glu

Ala

Ser

Ser

50

Leu

Leu

Ala

Tyr

Ala

Asp

35

Thr

Ile

Pro

Ala

Leu
115

Ala

Pro

Phe

Asn

Gly

Thr

100

Gly

666

Ala

Asp

470

Pro

Leu

Tyr

Thr

Phe

550

Gly

Gly

Asn

Thr

Val

630

Phe

Val

Arg

440 445

Val Pro Glu Asp Cys Thr Asp Val Gly
455 460

Gly Gly Asp Gly Gly Tyr Arg Phe Ala
475

Asp Pro Asp Arg Thr Arg Ile Glu Val
490 495

Leu Ser Gly Gly Ser Gly Ser Phe Val
505 510

Ala Thr Cys Asn Gly Ala Gly Glu Gly
520 525

Pro Asp Ala Tyr Phe Thr Arg Trp Arg
535 540

Tyr Thr Glu Thr Asp Leu Val Pro Pro
555

Lys Gly Lys Gly Asn Gly Lys Gly Lys
570 575

Lys Ala Ala Lys Arg Ser Arg Phe Pro
585 590

Gly Val Val Ile Pro Pro Leu Trp Ile
600 605

Arg Trp Pro Ala Gln Lys Arg Ala Gly
615 620

Phe Arg His Gly Asn Leu His Thr Val
635

Lys Gly Ala Ser Leu Cys Val Pro Tyr
650 655

Ile Gln Ala Leu Thr Leu Asn Phe Ala
665 670

Leu Thr Val
680

Myceliophthora thermophila

95

Ala

Asn

Ser

Ile

Trp

Tyr

Ile

Val

Ala

Ser

Cys

Ser

Lys

70

Ser

Arg

Gly

Ala Ala Ala Ala Val Ala Arg Val Gly
10 15

Thr Tyr Tyr Asn Pro Ile Leu Pro Gly
25 30

Val Gln Val Glu Gly Ile Phe Tyr Cys
40 45

Phe Pro Gly Leu Pro Ile Tyr Ala Ser
55 60

His Val Ser His Val Trp Asn Arg Glu
75

Trp Ala Thr Glu Gly Gln Gln Glu Gly
90 95

His Arg Glu Gly Val Phe Tyr Val Ile
105 110

Gly Arg Asp Ala Gly Val Leu Phe Arg
120 125

Ser

Ala

480

Gly

Gly

Ile

Tyr

Asp

560

Gly

Arg

Met

Ala

Arg

640

His

His

Ala

Trp

Val

Arg

Ser

80

Met

Cys

Ala
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384

Thr

Ala

145

Tyr

Gly

Trp

Met

Arg

225

Ile

Gly

Ala

Thr

Gln

305

Arg

Ala

Phe

Leu

Phe

385

Gly

Ala

Ser

Ala

465

Gly

Gly

Ile

Tyr

Asp

Asp

130

Pro

Val

Ala

Pro

Ile

210

Ser

Leu

Asp

Thr

Val

290

Pro

Asp

Met

Ala

Asp

370

Val

Val

Leu

Thr

Cys

450

Met

Thr

Thr

Asp

Thr
530

Glu

Pro

Lys

Ala

Ile

Glu

195

Ala

Asp

Thr

Leu

Arg

275

Leu

Val

Leu

Pro

Thr

355

Gly

Gly

Thr

Pro

Ser

435

Asp

Leu

Ala

Leu

Cys
515

Gly

Gly

Phe

Ile

Thr

Gly

180

Gly

Glu

Arg

Asn

Phe

260

Ser

Phe

Arg

Pro

Arg

340

Thr

Trp

Arg

Ala

Gly

420

Arg

Gly

Ala

Pro

Leu
500
Pro

Glu

Gln

Asp

Asp

Gln

165

Pro

Pro

Gly

Leu

Arg

245

Gln

Gly

Pro

Gly

Gly

325

Asn

Ala

Pro

Arg

Phe

405

Arg

Asp

Gly

Ser

Ala

485

Gly

Ala

Gly

Gly

Asp

Pro

150

Gly

Pro

His

Gly

Thr

230

Gly

Asp

Pro

Val

Ala

310

Asp

Leu

Arg

Gly

Gln

390

Leu

Arg

Thr

Asp

Asp

470

Glu

Val

Gly

Gln

Lys

Ala

135

Asp

Val

Val

Ile

Thr

215

Gly

Thr

Ala

Glu

Thr

295

Met

Gly

Val

Gly

Gly

375

Thr

Thr

Ala

Ala

Asp

455

Pro

Leu

Tyr

Thr

Phe
535

Gly

Ala

Leu

Gln

Pro

Tyr

200

Ala

Pro

Asp

Ala

Tyr

280

Trp

Ser

Pro

His

Leu

360

Ala

Asp

Gln

Ser

Val

440

Gly

Asp

Leu

Ala

Pro
520

Tyr

Lys

Trp

Phe

Val

Leu

185

Arg

Glu

Tyr

Glu

Gly

265

Arg

Arg

Gly

Phe

Trp

345

Arg

Glu

Ser

Leu

Cys

425

Pro

Gly

Pro

Ser

Thr
505
Asp

Thr

Gly

Ser

Trp

Gln

170

Trp

Arg

Asp

Val

Tyr

250

Asn

Val

Glu

Trp

Asn

330

Arg

Val

Pro

Leu

Ala

410

Gly

Glu

Asp

Asp

Gly

490

Cys

Ala

Glu

Lys

Asp

Asp

155

Arg

Asn

Ala

His

Ser

235

Phe

Trp

Tyr

Gly

Pro

315

Ala

Val

Ala

Ala

Phe

395

Asn

Ser

Asp

Gly

Arg

475

Gly

Asn

Tyr

Thr

Gly

Ala

140

Asp

Met

Gly

Asp

Ala

220

Cys

Gln

Trp

Pro

Asp

300

Leu

Asp

Pro

Leu

Ala

380

Thr

Leu

Ala

Cys

Gly

460

Thr

Ser

Gly

Phe

Asp
540

Asn

Leu

Asp

Asp

Thr

His

205

Ile

Pro

Thr

Gly

Met

285

Trp

Pro

Pro

Arg

Gly

365

Arg

Phe

Gln

Ser

Thr

445

Tyr

Arg

Gly

Ala

Thr
525

Leu

Gly

Thr

Gly

Leu

Gly

190

Phe

Thr

His

Val

Val

270

Gly

Pro

Pro

Asp

Glu

350

Arg

Ala

Ser

Leu

Ser

430

Asp

Arg

Ile

Ser

Gly
510
Arg

Val

Lys

Phe

Thr

Asp

175

Gly

Tyr

Ile

Asn

Gly

255

Ala

Arg

Val

Pro

Val

335

Gly

Asn

Val

Glu

Gly

415

Arg

Val

Phe

Glu

Phe

495

Glu

Trp

Pro

Gly

Ala

Ala

160

Thr

Val

Leu

Ala

Pro

240

His

Leu

Glu

Leu

Thr

320

Lys

Ala

Arg

Ser

Ala

400

Leu

Arg

Gly

Ala

Val

480

Val

Gly

Arg

Pro

Lys
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386

-continued

545 550 555 560
Gly Asn Gly Asn Gly Asn Gly Lys Ala Ala Lys Arg Ser Arg Phe Pro

565 570 575
Arg Trp Thr Pro Gly Leu Asn Gly Val Val Ile Pro Pro Leu Trp Ile

580 585 590
Met Glu Asp Asp Pro Glu Thr Arg Trp Pro Ala Gln Lys Arg Ala Gly
595 600 605
Ala Gly Gly Gln Ser Tyr Val Phe Arg His Gly Asn Leu His Thr Val
610 615 620

Arg Asp Glu Asn Asp Ala Phe Lys Gly Ala Ser Leu Cys Val Pro Tyr
625 630 635 640
His Thr Tyr Leu Ala Lys Val Ile Gln Ala Leu Thr Leu Asn Phe Ala

645 650 655
His Leu Phe Gly Ala Trp Arg Leu Thr Val

660 665

<210> SEQ ID NO 96
<211> LENGTH: 1608
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 96
atggggcgece taaacgatct catagcecte cttgcactgt tgageggcag tgccacatce 60
gctgecegtaa gaaacacgge ttctcaggcet cgcegeggegg aattcaacaa cecggtgete 120
tgggaggact atccggacct ggacgtgttce cgggtcegggt cgaccttceta ctactcectee 180
tccacgtteg cctacteccce gggggcteeg gtgctcaagt cgtacgacct ggtgaactgg 240
accceegtea cccacteggt cccgacgete aactttgggyg accgctacaa cctcacggge 300
ggcacgceegyg ceggctacgt caagggcatce tgggegtcega cgectgeggta ceggecctec 360
aacgacaagt tctactggta cggctgegte gagttceggea agacgtacat ctggaccage 420
tceggeacge gegegggega cagggacgge gaggtggace ccegecgactyg ggtctgggag 480
cegecaccege ccatcgaccg gtgctactac gacagceggece tgttgatcga cgacgacgac 540
aagatgtaca tcgcgtacgg caaccccaag atcgaggteg ccegagetgte cgacgacggg 600
ctcaccgagg tctecteceg ggtegtetac accccegeegyg ceggcaccac catcgaggge 660
tcgegeatgt acaaggtcegg cgacgectac tacatcctgg tgacgceggece ggcecgacgece 720
gagtgggtge tcecggtcegac gtcegggece ttteggecceyg geggcatggt cgacaccecy 780
gacggccegea getggtacta cgtegectte atggacgegt accegggggg cegcatccece 840
gtggtegege cgetgegetyg gacggacgac gggtggecceg aggtggtgac ggacgcgeag 900
ggeggetggyg gegecagceta ccecggtecce gtggagacgg gcaagacggt gecggacgac 960
ggctgggage tggacgagtt caggggcgge cggctgagec accactggga gtggaaccac 1020
aacccggace cggeccgett cgegetegeg ggeggggacy agggcggget ggtgetgcag 1080
geggegacygyg tgacggagga cctgttegeg gecaggaaca cgctcacgeg gaggatcagyg 1140
ggccccaagt cgageggcac gttecggetg gacgtcagca ggatgegega cggegaccegyg 1200
geeggggeeyg tgetgttceeg ggacacggeg gegtatatceg gegtgtggaa gcaaggggac 1260
gaggccacca tcgtcecgtagt cgacggectt gagctggcte tgagctcecctg gacgaccgtce 1320
tcgaccggga gggtggecga gacgggecceg accctgagea gcacgcagga tgtctggete 1380
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387 388

-continued

cggatcgagg ccgacatcac gecccgegtte gggaccaaca cggcaaggac cacgacttte 1440
tcgtacagtg tggacggcegg gaagaccttt gtecegtettg geccggectt ctecgatgagce 1500
aatacttggc aatactttac gggctacagg ttcggagtct tcaactttge caccaaggag 1560
cttgggggcyg aagtcaaggt caagagcttc cagatgcagce ctctgtga 1608
<210> SEQ ID NO 97

<211> LENGTH: 535

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 97

Met Gly Arg Leu Asn Asp Leu Ile Ala Leu Leu Ala Leu Leu Ser Gly
1 5 10 15

Ser Ala Thr Ser Ala Ala Val Arg Asn Thr Ala Ser Gln Ala Arg Ala
20 25 30

Ala Glu Phe Asn Asn Pro Val Leu Trp Glu Asp Tyr Pro Asp Leu Asp
35 40 45

Val Phe Arg Val Gly Ser Thr Phe Tyr Tyr Ser Ser Ser Thr Phe Ala
50 55 60

Tyr Ser Pro Gly Ala Pro Val Leu Lys Ser Tyr Asp Leu Val Asn Trp
65 70 75 80

Thr Pro Val Thr His Ser Val Pro Thr Leu Asn Phe Gly Asp Arg Tyr
85 90 95

Asn Leu Thr Gly Gly Thr Pro Ala Gly Tyr Val Lys Gly Ile Trp Ala
100 105 110

Ser Thr Leu Arg Tyr Arg Pro Ser Asn Asp Lys Phe Tyr Trp Tyr Gly
115 120 125

Cys Val Glu Phe Gly Lys Thr Tyr Ile Trp Thr Ser Ser Gly Thr Arg
130 135 140

Ala Gly Asp Arg Asp Gly Glu Val Asp Pro Ala Asp Trp Val Trp Glu
145 150 155 160

Pro His Pro Pro Ile Asp Arg Cys Tyr Tyr Asp Ser Gly Leu Leu Ile
165 170 175

Asp Asp Asp Asp Lys Met Tyr Ile Ala Tyr Gly Asn Pro Lys Ile Glu
180 185 190

Val Ala Glu Leu Ser Asp Asp Gly Leu Thr Glu Val Ser Ser Arg Val
195 200 205

Val Tyr Thr Pro Pro Ala Gly Thr Thr Ile Glu Gly Ser Arg Met Tyr
210 215 220

Lys Val Gly Asp Ala Tyr Tyr Ile Leu Val Thr Arg Pro Ala Asp Ala
225 230 235 240

Glu Trp Val Leu Arg Ser Thr Ser Gly Pro Phe Arg Pro Gly Gly Met
245 250 255

Val Asp Thr Pro Asp Gly Arg Ser Trp Tyr Tyr Val Ala Phe Met Asp
260 265 270

Ala Tyr Pro Gly Gly Arg Ile Pro Val Val Ala Pro Leu Arg Trp Thr
275 280 285

Asp Asp Gly Trp Pro Glu Val Val Thr Asp Ala Gln Gly Gly Trp Gly
290 295 300

Ala Ser Tyr Pro Val Pro Val Glu Thr Gly Lys Thr Val Pro Asp Asp
305 310 315 320

Gly Trp Glu Leu Asp Glu Phe Arg Gly Gly Arg Leu Ser His His Trp
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-continued

325 330 335

Glu Trp Asn His Asn Pro Asp Pro Ala Arg Phe Ala Leu Ala Gly Gly
340 345 350

Asp Glu Gly Gly Leu Val Leu Gln Ala Ala Thr Val Thr Glu Asp Leu
355 360 365

Phe Ala Ala Arg Asn Thr Leu Thr Arg Arg Ile Arg Gly Pro Lys Ser
370 375 380

Ser Gly Thr Phe Arg Leu Asp Val Ser Arg Met Arg Asp Gly Asp Arg
385 390 395 400

Ala Gly Ala Val Leu Phe Arg Asp Thr Ala Ala Tyr Ile Gly Val Trp
405 410 415

Lys Gln Gly Asp Glu Ala Thr Ile Val Val Val Asp Gly Leu Glu Leu
420 425 430

Ala Leu Ser Ser Trp Thr Thr Val Ser Thr Gly Arg Val Ala Glu Thr
435 440 445

Gly Pro Thr Leu Ser Ser Thr Gln Asp Val Trp Leu Arg Ile Glu Ala
450 455 460

Asp Ile Thr Pro Ala Phe Gly Thr Asn Thr Ala Arg Thr Thr Thr Phe
465 470 475 480

Ser Tyr Ser Val Asp Gly Gly Lys Thr Phe Val Arg Leu Gly Pro Ala
485 490 495

Phe Ser Met Ser Asn Thr Trp Gln Tyr Phe Thr Gly Tyr Arg Phe Gly
500 505 510

Val Phe Asn Phe Ala Thr Lys Glu Leu Gly Gly Glu Val Lys Val Lys
515 520 525

Ser Phe Gln Met Gln Pro Leu
530 535

<210> SEQ ID NO 98

<211> LENGTH: 513

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 98

Val Arg Asn Thr Ala Ser Gln Ala Arg Ala Ala Glu Phe Asn Asn Pro
1 5 10 15

Val Leu Trp Glu Asp Tyr Pro Asp Leu Asp Val Phe Arg Val Gly Ser
20 25 30

Thr Phe Tyr Tyr Ser Ser Ser Thr Phe Ala Tyr Ser Pro Gly Ala Pro
35 40 45

Val Leu Lys Ser Tyr Asp Leu Val Asn Trp Thr Pro Val Thr His Ser
50 55 60

Val Pro Thr Leu Asn Phe Gly Asp Arg Tyr Asn Leu Thr Gly Gly Thr
65 70 75 80

Pro Ala Gly Tyr Val Lys Gly Ile Trp Ala Ser Thr Leu Arg Tyr Arg
85 90 95

Pro Ser Asn Asp Lys Phe Tyr Trp Tyr Gly Cys Val Glu Phe Gly Lys
100 105 110

Thr Tyr Ile Trp Thr Ser Ser Gly Thr Arg Ala Gly Asp Arg Asp Gly
115 120 125

Glu Val Asp Pro Ala Asp Trp Val Trp Glu Pro His Pro Pro Ile Asp
130 135 140

Arg Cys Tyr Tyr Asp Ser Gly Leu Leu Ile Asp Asp Asp Asp Lys Met
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391

-continued

392

145

150 155

Tyr Ile Ala Tyr Gly Asn Pro Lys Ile Glu Val Ala Glu

165 170

Asp Gly Leu Thr Glu Val Ser Ser Arg Val Val Tyr Thr

180 185

Gly Thr Thr Ile Glu Gly Ser Arg Met Tyr Lys Val Gly

195 200 205

Tyr Ile Leu Val Thr Arg Pro Ala Asp Ala Glu Trp Val
210 215 220

Thr Ser Gly Pro Phe Arg Pro Gly Gly Met Val Asp Thr

225

230 235

Arg Ser Trp Tyr Tyr Val Ala Phe Met Asp Ala Tyr Pro

245 250

Ile Pro Val Val Ala Pro Leu Arg Trp Thr Asp Asp Gly

260 265

Val Val Thr Asp Ala Gln Gly Gly Trp Gly Ala Ser Tyr

275 280 285

Val Glu Thr Gly Lys Thr Val Pro Asp Asp Gly Trp Glu
290 295 300

Phe Arg Gly Gly Arg Leu Ser His His Trp Glu Trp Asn

305

310 315

Asp Pro Ala Arg Phe Ala Leu Ala Gly Gly Asp Glu Gly

325 330

Leu Gln Ala Ala Thr Val Thr Glu Asp Leu Phe Ala Ala

340 345

Leu Thr Arg Arg Ile Arg Gly Pro Lys Ser Ser Gly Thr

355 360 365

Asp Val Ser Arg Met Arg Asp Gly Asp Arg Ala Gly Ala
370 375 380

Arg Asp Thr Ala Ala Tyr Ile Gly Val Trp Lys Gln Gly

385

390 395

Thr Ile Val Val Val Asp Gly Leu Glu Leu Ala Leu Ser

405 410

Thr Val Ser Thr Gly Arg Val Ala Glu Thr Gly Pro Thr

420 425

Thr Gln Asp Val Trp Leu Arg Ile Glu Ala Asp Ile Thr

435 440 445

Gly Thr Asn Thr Ala Arg Thr Thr Thr Phe Ser Tyr Ser
450 455 460

Gly Lys Thr Phe Val Arg Leu Gly Pro Ala Phe Ser Met

465

470 475

Trp Gln Tyr Phe Thr Gly Tyr Arg Phe Gly Val Phe Asn

485 490

Lys Glu Leu Gly Gly Glu Val Lys Val Lys Ser Phe Gln

<210>
<211>
<212>
<213>
<220>
<223>

<400>

500 505

SEQ ID NO 99

LENGTH: 1851

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polynucleotide

SEQUENCE: 99

Leu

Pro

190

Asp

Leu

Pro

Gly

Trp

270

Pro

Leu

His

Gly

Arg

350

Phe

Val

Asp

Ser

Leu

430

Pro

Val

Ser

Phe

Met
510

Ser

175

Pro

Ala

Arg

Asp

Gly

255

Pro

Val

Asp

Asn

Leu

335

Asn

Arg

Leu

Glu

Trp

415

Ser

Ala

Asp

Asn

Ala

495

Gln

160

Asp

Ala

Tyr

Ser

Gly

240

Arg

Glu

Pro

Glu

Pro

320

Val

Thr

Leu

Phe

Ala

400

Thr

Ser

Phe

Gly

Thr

480

Thr

Pro
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394

-continued
atgacgatge tcaagtcgge ccteceegeg gegetggece tectectaac ggeggecaac 60
ggccaccett ccaggaccee ggceggeggey geggcegggygyg gatgggcacce getggegaat 120
gggacattce ggaacccgat cctgtacgag gacttccegg acaacgacgt gteggteggg 180
ceggacgggyg ccttetacct gteggegtee aacttcecact tcageccegg ggegeccate 240
ctgeggtett acgacctggt cgactgggag tttgtgggec actegatcce gegectcegac 300
tteggegeeg gctacgacct gecgecgacyg ggegageggg cgtacegege gggcacgtgg 360
gegtegacge tgeggtaceg cgagagcacyg gggctetggt actggategg gtgcaccaac 420
ttctggegea cctgggtett caccgeceeg gegeccgagg ggcectggac cegggeggge 480
gacttceggeg acggegtgtg cttcetacgac aacggectge tggtcegacga cgacgacacc 540
atgtacgtcg tctacaccca cgacggegge aagegggtece acgtgaccca getgagegeg 600
gacgggctga gcgcegtceeg caccgagace gtectggtge cggagcagge cggegtegac 660
gecctegagg gcaaccgcat gtacaagate gacggecget actacatcct caacgaccac 720
cegggeacca ccgectacgt ctggaagtcee gactegeccet ggggteccta cgagggcaag 780
gegetggecyg acaacgtcege cagecccctyg cceggeggeg goegecocgea ccagggeage 840
ctggtgecca cgeecteggg cgectggtac tttatgteet tcacctggge ctaccegtece 900
ggcegectge cegtgetgge cecgatcgag ttecageegg acgggttecce gaccctegge 960
gcctggtact ttatgtecctt cacctgggece taccecgtceeg gecgectgece cgtgetggece 1020
ccgatcegagt tccagecgga cgggtteceg accctegtea cegecaagga caacaacaac 1080
aacaacaaca acaacgcctg gggegecage taccegetge cgeegetace gegeeggecg 1140
ctgggctace cgtggtegeg ggcgeggtac gacttcageg cgctcegecga actgecgecce 1200
gegttegagt ggaaccacaa cccggacgceg agcaactaca cgetgggagyg gaacggeget 1260
geeggectga tectgeggge cgccaccgte gegeccgacg acgacctgta cteggegege 1320
aacacgctga cgcaccgege ccacgggece ttecectegg ccacgetggt cctegacgte 1380
geggacatgg ccgacggcega cegegeceggyg ctggecgect teegegacceyg cagtgectac 1440
atcggcatcce actgctcecte ctectcetgat gagaagaaga agaagacgta cgaggtggtg 1500
gegegattca acatgacget ggacgagtgyg ggcageggeg agacgctega tctgggegag 1560
gtggtggagc gggtcgagct ggcctcecggge gtgacgcgeg tgtggctgceg ggcgagcatyg 1620
gacgcgegge ccgacggcega geggacggee cggttegggt acagegtega cgggggegag 1680
acctttgeeg gectggggece cgcctaccaa ctctacgecg ggtggeccctt ctttgtegge 1740
taccgctteg cecgtettcaa ctacgccacce aaggcccteg gegggagcgt caccgtectg 1800
agcctegaga ccgactcecggg cgagggtgag cgcgatgecg agcaagcegtg a 1851

<210> SEQ ID NO 100
<211> LENGTH: 616

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 100

Synthetic polypeptide

Met Thr Met Leu Lys Ser Ala Leu Pro Ala Ala Leu Ala Leu Leu Leu

1

5

10

15

Thr Ala Ala Asn Gly His Pro Ser Arg Thr Pro Ala Ala Ala Ala Ala

20

25

30
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-continued

396

Gly

Tyr

Phe

65

Leu

Pro

Arg

Ser

Trp

145

Asp

Asp

Glu

Asn

225

Pro

Tyr

Gly

Trp

305

Ala

Pro

Ala

Trp

385

Ala

Gly

Asp

Gly

Gly

Glu

50

Tyr

Arg

Arg

Ala

Thr

130

Val

Phe

Asp

His

Thr

210

Arg

Gly

Glu

Gly

Tyr

290

Leu

Trp

Val

Thr

Ser

370

Ser

Phe

Asn

Asp

Pro

Trp

Asp

Leu

Ser

Leu

Tyr

115

Gly

Phe

Gly

Asp

Val

195

Val

Met

Thr

Gly

Ala

275

Phe

Ala

Tyr

Leu

Ala

355

Tyr

Arg

Glu

Gly

Asp

435

Phe

Ala

Phe

Ser

Tyr

Asp

100

Arg

Leu

Thr

Asp

Thr

180

Thr

Leu

Tyr

Thr

Lys

260

Pro

Met

Pro

Phe

Ala

340

Lys

Pro

Ala

Trp

Ala
420

Leu

Pro

Pro

Pro

Ala

Asp

85

Phe

Ala

Trp

Ala

Gly

165

Met

Gln

Val

Lys

Ala

245

Ala

His

Ser

Ile

Met

325

Pro

Asp

Leu

Arg

Asn
405
Ala

Tyr

Ser

Leu

Asp

Ser

70

Leu

Gly

Gly

Tyr

Pro

150

Val

Tyr

Leu

Pro

Ile

230

Tyr

Leu

Gln

Phe

Glu

310

Ser

Ile

Asn

Pro

Tyr

390

His

Gly

Ser

Ala

Ala

Asn

55

Asn

Val

Ala

Thr

Trp

135

Ala

Cys

Val

Ser

Glu

215

Asp

Val

Ala

Gly

Thr

295

Phe

Phe

Glu

Asn

Pro

375

Asp

Asn

Leu

Ala

Thr

Asn

40

Asp

Phe

Asp

Gly

Trp

120

Ile

Pro

Phe

Val

Ala

200

Gln

Gly

Trp

Asp

Ser

280

Trp

Gln

Thr

Phe

Asn

360

Leu

Phe

Pro

Ile

Arg
440

Leu

Gly

Val

His

Trp

Tyr

105

Ala

Gly

Glu

Tyr

Tyr

185

Asp

Ala

Arg

Lys

Asn

265

Leu

Ala

Pro

Trp

Gln

345

Asn

Pro

Ser

Asp

Leu
425

Asn

Val

Thr

Ser

Phe

Glu

90

Asp

Ser

Cys

Gly

Asp

170

Thr

Gly

Gly

Tyr

Ser

250

Val

Val

Tyr

Asp

Ala

330

Pro

Asn

Arg

Ala

Ala
410
Arg

Thr

Leu

Phe

Val

Ser

75

Phe

Leu

Thr

Thr

Pro

155

Asn

His

Leu

Val

Tyr

235

Asp

Ala

Pro

Pro

Gly

315

Tyr

Asp

Asn

Arg

Leu

395

Ser

Ala

Leu

Asp

Arg

Gly

60

Pro

Val

Pro

Leu

Asn

140

Trp

Gly

Asp

Ser

Asp

220

Ile

Ser

Ser

Thr

Ser

300

Phe

Pro

Gly

Asn

Pro

380

Ala

Asn

Ala

Thr

Val

Asn

45

Pro

Gly

Gly

Pro

Arg

125

Phe

Thr

Leu

Gly

Ala

205

Ala

Leu

Pro

Pro

Pro

285

Gly

Pro

Ser

Phe

Asn

365

Leu

Glu

Tyr

Thr

His
445

Ala

Pro

Asp

Ala

His

Thr

110

Tyr

Trp

Arg

Leu

Gly

190

Val

Leu

Asn

Trp

Leu

270

Ser

Arg

Thr

Gly

Pro

350

Ala

Gly

Leu

Thr

Val
430

Arg

Asp

Ile

Gly

Pro

Ser

95

Gly

Arg

Arg

Ala

Val

175

Lys

Arg

Glu

Asp

Gly

255

Pro

Gly

Leu

Leu

Arg

335

Thr

Trp

Tyr

Pro

Leu
415
Ala

Ala

Met

Leu

Ala

Ile

80

Ile

Glu

Glu

Thr

Gly

160

Asp

Arg

Thr

Gly

His

240

Pro

Gly

Ala

Pro

Gly

320

Leu

Leu

Gly

Pro

Pro

400

Gly

Pro

His

Ala
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-continued

398

Asp

465

Ile

Tyr

Gly

Ser

Asp

545

Thr

Phe

Leu

Gly

<210>
<211>
<212>
<213>
<220>
<223>

<400>

450

Gly

Gly

Glu

Glu

Gly

530

Gly

Phe

Phe

Gly

Glu
610

Asp

Ile

Val

Thr

515

Val

Glu

Ala

Val

Gly

595

Arg

Arg

His

Val

500

Leu

Thr

Arg

Gly

Gly

580

Ser

Asp

PRT

SEQUENCE :

His Pro Ser Arg

1

Leu

Asp

Ser

Leu

65

Gly

Gly

Tyr

Pro

145

Tyr

Leu

Pro

Ala

Asn

Asn

50

Val

Ala

Thr

Trp

Ala

130

Cys

Val

Ser

Glu

Asn

Asp

Phe

Asp

Gly

Trp

Ile

115

Pro

Phe

Val

Ala

Gln

Gly

20

Val

His

Trp

Tyr

Ala

100

Gly

Glu

Tyr

Tyr

Asp

180

Ala

Ala

Cys

485

Ala

Asp

Arg

Thr

Leu

565

Tyr

Val

Ala

SEQ ID NO 101
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

595

101

Thr

5

Thr

Ser

Phe

Glu

Asp

Ser

Cys

Gly

Asp

Thr
165

Gly

Gly

Gly

470

Ser

Arg

Leu

Val

Ala

550

Gly

Arg

Thr

Glu

Pro

Phe

Val

Ser

Phe

70

Leu

Thr

Thr

Pro

Asn
150
His

Leu

Val

455 460

Leu Ala Ala Phe Arg Asp Arg Ser Ala Tyr
475 480

Ser Ser Ser Asp Glu Lys Lys Lys Lys Thr
490 495

Phe Asn Met Thr Leu Asp Glu Trp Gly Ser
505 510

Gly Glu Val Val Glu Arg Val Glu Leu Ala
520 525

Trp Leu Arg Ala Ser Met Asp Ala Arg Pro
535 540

Arg Phe Gly Tyr Ser Val Asp Gly Gly Glu
555 560

Pro Ala Tyr Gln Leu Tyr Ala Gly Trp Pro
570 575

Phe Ala Val Phe Asn Tyr Ala Thr Lys Ala
585 590

Val Leu Ser Leu Glu Thr Asp Ser Gly Glu
600 605

Gln Ala
615

Synthetic polypeptide

Ala Ala Ala Ala Ala Gly Gly Trp Ala Pro
10 15

Arg Asn Pro Ile Leu Tyr Glu Asp Phe Pro
25 30

Gly Pro Asp Gly Ala Phe Tyr Leu Ser Ala
40 45

Pro Gly Ala Pro Ile Leu Arg Ser Tyr Asp
55 60

Val Gly His Ser Ile Pro Arg Leu Asp Phe
75 80

Pro Pro Thr Gly Glu Arg Ala Tyr Arg Ala

Leu Arg Tyr Arg Glu Ser Thr Gly Leu Trp
105 110

Asn Phe Trp Arg Thr Trp Val Phe Thr Ala
120 125

Trp Thr Arg Ala Gly Asp Phe Gly Asp Gly
135 140

Gly Leu Leu Val Asp Asp Asp Asp Thr Met
155 160

Asp Gly Gly Lys Arg Val His Val Thr Gln
170 175

Ser Ala Val Arg Thr Glu Thr Val Leu Val
185 190

Asp Ala Leu Glu Gly Asn Arg Met Tyr Lys
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399

-continued

400

Ile

Tyr

225

Leu

Gln

Phe

Glu

Ser

305

Ile

Asn

Pro

Tyr

His

385

Gly

Ser

Ala

Gly

Ser

465

Arg

Leu

Ala

Gly

545

Arg

Thr

Glu

Asp

210

Val

Ala

Gly

Thr

Phe

290

Phe

Glu

Asn

Pro

Asp

370

Asn

Leu

Ala

Thr

Leu

450

Ser

Phe

Gly

Trp

Arg

530

Pro

Phe

Val

Gln

195

Gly

Trp

Asp

Ser

Trp

275

Gln

Thr

Phe

Asn

Leu

355

Phe

Pro

Ile

Arg

Leu

435

Ala

Ser

Asn

Glu

Leu

515

Phe

Ala

Ala

Leu

Ala
595

Arg

Lys

Asn

Leu

260

Ala

Pro

Trp

Gln

Asn

340

Pro

Ser

Asp

Leu

Asn

420

Val

Ala

Ser

Met

Val

500

Arg

Gly

Tyr

Val

Ser
580

<210> SEQ ID NO

Tyr

Ser

Val

245

Val

Tyr

Asp

Ala

Pro

325

Asn

Arg

Ala

Ala

Arg

405

Thr

Leu

Phe

Asp

Thr

485

Val

Ala

Tyr

Gln

Phe
565

Leu

102

Tyr

Asp

230

Ala

Pro

Pro

Gly

Tyr

310

Asp

Asn

Arg

Leu

Ser

390

Ala

Leu

Asp

Arg

Glu

470

Leu

Glu

Ser

Ser

Leu
550

Asn

Glu

200 205

Ile Leu Asn Asp His Pro Gly Thr Thr
215 220

Ser Pro Trp Gly Pro Tyr Glu Gly Lys
235

Ser Pro Leu Pro Gly Gly Gly Ala Pro
250 255

Thr Pro Ser Gly Ala Trp Tyr Phe Met
265 270

Ser Gly Arg Leu Pro Val Leu Ala Pro
280 285

Phe Pro Thr Leu Gly Ala Trp Tyr Phe
295 300

Pro Ser Gly Arg Leu Pro Val Leu Ala
315

Gly Phe Pro Thr Leu Val Thr Ala Lys
330 335

Asn Asn Ala Trp Gly Ala Ser Tyr Pro
345 350

Pro Leu Gly Tyr Pro Trp Ser Arg Ala
360 365

Ala Glu Leu Pro Pro Ala Phe Glu Trp
375 380

Asn Tyr Thr Leu Gly Gly Asn Gly Ala
395

Ala Thr Val Ala Pro Asp Asp Asp Leu
410 415

Thr His Arg Ala His Gly Pro Phe Pro
425 430

Val Ala Asp Met Ala Asp Gly Asp Arg
440 445

Asp Arg Ser Ala Tyr Ile Gly Ile His
455 460

Lys Lys Lys Lys Thr Tyr Glu Val Val
475

Asp Glu Trp Gly Ser Gly Glu Thr Leu
490 495

Arg Val Glu Leu Ala Ser Gly Val Thr
505 510

Met Asp Ala Arg Pro Asp Gly Glu Arg
520 525

Val Asp Gly Gly Glu Thr Phe Ala Gly
535 540

Tyr Ala Gly Trp Pro Phe Phe Val Gly
555

Tyr Ala Thr Lys Ala Leu Gly Gly Ser
570 575

Thr Asp Ser Gly Glu Gly Glu Arg Asp
585 590

Ala

Ala

240

His

Ser

Ile

Met

Pro

320

Asp

Leu

Arg

Asn

Ala

400

Tyr

Ser

Ala

Cys

Ala

480

Asp

Arg

Thr

Leu

Tyr

560

Val

Ala
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401 402

-continued
<211> LENGTH: 678
<212> TYPE: DNA
<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 102
atggttacce tcactcgect ggcggtegee geggeggeca tgatctcecag cactggectg 60
getgecceega cgeccgaage tggecccgac ctteccgact ttgagetegg ggtcaacaac 120
ctegeccgee gegegetgga ctacaaccag aactacagga ccagcggcaa cgtcaactac 180
tegeccaceyg acaacggcta cteggtcage ttetccaacyg cgggagattt tgtegteggg 240
aagggctgga ggacgggagc caccagaaac atcaccttet cgggatcgac acagcatacce 300
tegggeaceg tgctegtete cgtctacgge tggacccegga acccegctgat cgagtactac 360
gtgcaggagt acacgtccaa cggggcecgge tccgcetcagg gegagaaget gggcacggte 420
gagagcgacyg ggggcacgta cgagatctgg cggcaccagce aggtcaacca gecgtcgatce 480
gagggcacct cgaccttcetg gcagtacatc tcgaaccgeg tgtccggeca geggcccaac 540
ggeggcaceyg tcaccctcege caaccacttce gecgectgge agaagcetegg cctgaacctg 600
ggccagcacyg actaccaggt cctggcecace gagggctggg gcaacgecgg cggcagetece 660
cagtacaccg tcagcggce 678

<210> SEQ ID NO 103

<211> LENGTH: 226

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 103

Met Val Thr Leu Thr Arg Leu Ala Val Ala Ala Ala Ala Met Ile Ser
1 5 10 15

Ser Thr Gly Leu Ala Ala Pro Thr Pro Glu Ala Gly Pro Asp Leu Pro
20 25 30

Asp Phe Glu Leu Gly Val Asn Asn Leu Ala Arg Arg Ala Leu Asp Tyr
35 40 45

Asn Gln Asn Tyr Arg Thr Ser Gly Asn Val Asn Tyr Ser Pro Thr Asp
50 55 60

Asn Gly Tyr Ser Val Ser Phe Ser Asn Ala Gly Asp Phe Val Val Gly
65 70 75 80

Lys Gly Trp Arg Thr Gly Ala Thr Arg Asn Ile Thr Phe Ser Gly Ser
85 90 95

Thr Gln His Thr Ser Gly Thr Val Leu Val Ser Val Tyr Gly Trp Thr
100 105 110

Arg Asn Pro Leu Ile Glu Tyr Tyr Val Gln Glu Tyr Thr Ser Asn Gly
115 120 125

Ala Gly Ser Ala Gln Gly Glu Lys Leu Gly Thr Val Glu Ser Asp Gly
130 135 140

Gly Thr Tyr Glu Ile Trp Arg His Gln Gln Val Asn Gln Pro Ser Ile
145 150 155 160

Glu Gly Thr Ser Thr Phe Trp Gln Tyr Ile Ser Asn Arg Val Ser Gly
165 170 175

Gln Arg Pro Asn Gly Gly Thr Val Thr Leu Ala Asn His Phe Ala Ala
180 185 190

Trp Gln Lys Leu Gly Leu Asn Leu Gly Gln His Asp Tyr Gln Val Leu
195 200 205

Ala Thr Glu Gly Trp Gly Asn Ala Gly Gly Ser Ser Gln Tyr Thr Val
210 215 220
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-continued

404

Ser Gly
225

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 104
H: 205
PRT

ISM: Myceliophthora thermophila

<400> SEQUENCE: 104

Ala Pro Thr

Val Asn Asn

Thr Ser Gly

35

Ser Phe Ser
50

Gly Ala Thr

Gly Thr Val

Glu Tyr Tyr

Gly Glu Lys

115

Trp Arg His
130

Phe Trp Gln
145

Gly Thr Val

Leu Asn Leu

Gly Asn Ala
195

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Glu Ala Gly Pro

5

Leu Ala Arg Arg Ala

20

Asn Val Asn Tyr Ser

40

Asn Ala Gly Asp Phe

55

Arg Asn Ile Thr Phe

Leu Val Ser Val Tyr

85

Val Gln Glu Tyr Thr

100

Leu Gly Thr Val Glu

120

Gln Gln Val Asn Gln

135

Tyr Ile Ser Asn Arg
150

Thr Leu Ala Asn His

165

Gly Gln His Asp Tyr

180

Gly Gly Ser Ser Gln

D NO 105
H: 1833
DNA

200

Asp Leu Pro
10

Leu Asp Tyr
25

Pro Thr Asp

Val Val Gly

Ser Gly Ser

75

Gly Trp Thr
90

Ser Asn Gly
105

Ser Asp Gly

Pro Ser Ile

Val Ser Gly

155

Phe Ala Ala
170

Gln Val Leu
185

Tyr Thr Val

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 105

atgttctteg

gggcggaatt

atctacgtge

cegggeatee

ctgaatcgeca

tgggcaccca

gacgaccgge

cegtatgatce

gagcctttet

cttetetget

ccaccttcta

ccgagegtga

cgattcatge

aggaacagct

ceccteeggtt

cgcaggagga

cgaggtectyg

gggacgaaga

geteggtete

caaccccatce

ccacacctte

cagcaaggac

tcceceggete

ccatgacgac

cgcttecaga

gtccaaggece

tggaaaggtg

Asp Phe Glu
Asn Gln Asn
30

Asn Gly Tyr
45

Lys Gly Trp
60

Thr Gln His

Arg Asn Pro

Ala Gly Ser

110

Gly Thr Tyr
125

Glu Gly Thr
140

Gln Arg Pro

Trp Gln Lys

Ala Thr Glu
190

Ser Gly
205

ic polynucleotide

ctggegggcy

ttceccegget

ttetgtgect

ctgcagaact

getgagacca

accttetggt

tgggacaata

gtccacttca

tacatcaccyg

tgtccgette

tctaccccga

cgtegagett

ggaagttgat

accggtcgac

tggtcaccac

ttatcttcaa

acttcactgg

gegeccatge

Leu Gly
15

Tyr Arg

Ser Val

Arg Thr

Thr Ser
80

Leu Ile
95

Ala Gln

Glu Ile

Ser Thr

Asn Gly
160

Leu Gly
175

Gly Trp

accgggacac
tccgagetge
caacgectte
cggecatgty
cagcggcatce
actagtggac
ggcaaagaat
ctacgacacyg

ttggcatgtt

60

120

180

240

300

360

420

480

540
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406

-continued
ggcccataca tccagcagge cgaagtcgat ctcgacacgg gggccegtegg cgagtggege 600
atcatctgga acggaacggg cggcatgget cctgaaggge cgcacatcta ccgcaaagat 660
gggtggtact acttgctgge tgctgaaggg gggaccggca tcgaccatat ggtgaccatg 720
geeecggtega gaaaaatcte cagtecttac gagtccaacce caaacaaccce cgtgttgacce 780
aacgccaaca cgaccagtta ctttcaaacc gtecgggcatt cagacctgtt ccatgacaga 840
catgggaact ggtgggcagt cgccctctece acccgcteeg gtecagaata tcttcactac 900
cccatgggee gcgagaccgt catgacagece gtgagcetgge cgaaggacga gtggcecaacce 960
ttcacceccca tatctggcaa gatgagcggce tggccgatge ctcecttcecgca gaaggacatt 1020
cgeggagteg gecectacgt caactcceccece gacccggaac acctgacctt cccecgeteg 1080
gegeccctyge cggeccacct cacctactgg cgatacccga acccgtectce ctacacgecyg 1140
tcecegeceg ggcacccecaa caccctecge ctgaccceegt cecgectgaa cctgaccgece 1200
ctcaacggca actacgeggg ggccgaccag accttegtet cgegecggea gcagcacace 1260
ctettecacct acagegtcac getcgactac gegecgegga cegecgggga ggaggecgge 1320
gtgaccgect tcectgacgca gaaccaccac ctcgacctgg gegtcegtect gctecectege 1380
ggcteccgeca cecgegeecte gctgecggge ctgagtagta gtacaactac tactagtagt 1440
agtagtagtc gtccggacga ggaggaggag cgcgaggcegyg gcgaagagga agaagagggce 1500
ggacaagact tgatgatccc gcatgtgegg ttcaggggceg agtcgtacgt gccecgtececyg 1560
gcgeecgteg tgtacccgat accceccgggece tggagaggceg ggaagcttgt gttagagatce 1620
cgggcttgta attcgactca cttcectegtte cgtgtcggge cggacgggag acggtctgag 1680
cggacggtgg tcatggaggc ttcgaacgag gccgttaget ggggctttac tggaacgetg 1740
ctgggcatct atgcgaccag taatggtggce aacggaacca cgccggcgta tttttceggat 1800
tggaggtaca caccattgga gcagtttagg gat 1833

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 106
H: 611
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 106

Met Phe Phe
1

Ser Pro Gly

Gly Phe Tyr
35

Thr Phe Phe
50

Ile His Ala
65

Leu Asn Arg

Thr Ser Gly

Trp Leu Val

115

Ser Arg Trp

Ala Ser Leu Leu Leu

5

His Gly Arg Asn Ser

Pro Asp Pro Ser Cys

40

Cys Ala Ser Ser Ser

55

Ser Lys Asp Leu Gln

70

Lys Glu Gln Leu Pro

85

Ile Trp Ala Pro Thr

100

Thr Thr Leu Val Asp

120

Asp Asn Ile Ile Phe

Gly Leu Leu
10

Thr Phe Tyr
25

Ile Tyr Val

Phe Asn Ala
Asn Trp Lys
75

Arg Leu Ala
90

Leu Arg Phe
105

Asp Asp Arg

Lys Ala Lys

Synthetic polypeptide

Ala Gly Val

Asn Pro Ile

Pro Glu Arg
45

Phe Pro Gly
60

Leu Ile Gly

Glu Thr Asn

His Asp Asp

110

Pro Gln Glu
125

Asn Pro Tyr

Ser Ala
15

Phe Pro

Asp His

Ile Pro

His Val
80

Arg Ser
95
Thr Phe

Asp Ala

Asp Pro
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407

-continued

408

Arg

145

Glu

Ala

Thr

Met

Leu

225

Ala

Pro

Leu

Glu

305

Phe

Gln

Glu

Tyr

His

385

Leu

Gln

Arg

Ala

465

Ser

Glu

Gly

Arg

Ser
545

130

Ser

Pro

Trp

Gly

Ala

210

Leu

Arg

Val

Ser

Ser

290

Thr

Thr

Lys

His

Trp

370

Pro

Asn

Gln

Thr

His

450

Pro

Ser

Glu

Glu

Ala
530

Thr

Trp

Phe

His

Ala

195

Pro

Ala

Ser

Leu

Asp

275

Thr

Val

Pro

Asp

Leu

355

Arg

Asn

Gly

His

Ala

435

Leu

Ser

Ser

Glu

Ser
515

Trp

His

Ser

Trp

Val

180

Val

Glu

Ala

Arg

Thr

260

Leu

Arg

Met

Ile

Ile

340

Thr

Tyr

Thr

Asn

Thr

420

Gly

Asp

Leu

Arg

Gly

500

Tyr

Arg

Phe

Lys

Asp

165

Gly

Gly

Gly

Glu

Lys

245

Asn

Phe

Ser

Thr

Ser

325

Arg

Phe

Pro

Leu

Tyr

405

Leu

Glu

Leu

Pro

Pro

485

Gly

Val

Gly

Ser

Ala

150

Glu

Pro

Glu

Pro

Gly

230

Ile

Ala

His

Gly

Ala

310

Gly

Gly

Pro

Asn

Arg

390

Ala

Phe

Glu

Gly

Gly

470

Asp

Gln

Pro

Gly

Phe
550

135 140

Val His Phe Asn Phe Thr Gly Tyr Asp
155

Asp Gly Lys Val Tyr Ile Thr Gly Ala
170 175

Tyr Ile Gln Gln Ala Glu Val Asp Leu
185 190

Trp Arg Ile Ile Trp Asn Gly Thr Gly
200 205

His Ile Tyr Arg Lys Asp Gly Trp Tyr
215 220

Gly Thr Gly Ile Asp His Met Val Thr
235

Ser Ser Pro Tyr Glu Ser Asn Pro Asn
250 255

Asn Thr Thr Ser Tyr Phe Gln Thr Val
265 270

Asp Arg His Gly Asn Trp Trp Ala Val
280 285

Pro Glu Tyr Leu His Tyr Pro Met Gly
295 300

Val Ser Trp Pro Lys Asp Glu Trp Pro
315

Lys Met Ser Gly Trp Pro Met Pro Pro
330 335

Val Gly Pro Tyr Val Asn Ser Pro Asp
345 350

Arg Ser Ala Pro Leu Pro Ala His Leu
360 365

Pro Ser Ser Tyr Thr Pro Ser Pro Pro
375 380

Leu Thr Pro Ser Arg Leu Asn Leu Thr
395

Gly Ala Asp Gln Thr Phe Val Ser Arg
410 415

Thr Tyr Ser Val Thr Leu Asp Tyr Ala
425 430

Ala Gly Val Thr Ala Phe Leu Thr Gln
440 445

Val Val Leu Leu Pro Arg Gly Ser Ala
455 460

Leu Ser Ser Ser Thr Thr Thr Thr Ser
475

Glu Glu Glu Glu Arg Glu Ala Gly Glu
490 495

Asp Leu Met Ile Pro His Val Arg Phe
505 510

Val Pro Ala Pro Val Val Tyr Pro Ile
520 525

Lys Leu Val Leu Glu Ile Arg Ala Cys
535 540

Arg Val Gly Pro Asp Gly Arg Arg Ser
555

Thr

160

His

Asp

Gly

Tyr

Met

240

Asn

Gly

Ala

Arg

Thr

320

Ser

Pro

Thr

Gly

Ala

400

Arg

Pro

Asn

Thr

Ser

480

Glu

Arg

Pro

Asn

Glu
560
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-continued

410

Arg Thr Val Val Met Glu Ala Ser Asn
565

Thr Gly Thr Leu Leu Gly Ile Tyr Ala
580 585

Thr Thr Pro Ala Tyr Phe Ser Asp Trp

595 600
Phe Arg Asp
610

<210> SEQ ID NO 107

<211> LENGTH: 595

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

Ser

1

Gly

Thr

Ile

Leu

65

Thr

Trp

Ser

Arg

Glu

145

Ala

Thr

Met

Leu

Ala
225

Pro

Leu

Glu

Pro

Phe

Phe

His

50

Asn

Ser

Leu

Arg

Ser

130

Pro

Trp

Gly

Ala

Leu

210

Arg

Val

Ser

Ser

Thr
290

Gly

Tyr

Phe

35

Ala

Arg

Gly

Val

Trp

115

Trp

Phe

His

Ala

Pro

195

Ala

Ser

Leu

Asp

Thr
275

Val

His

Pro

20

Cys

Ser

Lys

Ile

Thr

100

Asp

Ser

Trp

Val

Val

180

Glu

Ala

Arg

Thr

Leu
260

Arg

Met

107

Gly

5

Asp

Ala

Lys

Glu

Trp

85

Thr

Asn

Lys

Asp

Gly

165

Gly

Gly

Glu

Lys

Asn
245
Phe

Ser

Thr

Arg

Pro

Ser

Asp

Gln

70

Ala

Leu

Ile

Ala

Glu

150

Pro

Glu

Pro

Gly

Ile

230

Ala

His

Gly

Ala

Asn

Ser

Ser

Leu

55

Leu

Pro

Val

Ile

Val

135

Asp

Tyr

Trp

His

Gly

215

Ser

Asn

Asp

Pro

Val
295

Ser

Cys

Ser

40

Gln

Pro

Thr

Asp

Phe

120

His

Gly

Ile

Arg

Ile

200

Thr

Ser

Thr

Arg

Glu
280

Ser

Thr

Ile

25

Phe

Asn

Arg

Leu

Asp

105

Lys

Phe

Lys

Gln

Ile

185

Tyr

Gly

Pro

Thr

His
265

Tyr

Trp

Glu Ala Val Ser

570

Thr

Arg

Phe

10

Tyr

Asn

Trp

Leu

Arg

90

Asp

Ala

Asn

Val

Gln

170

Ile

Arg

Ile

Tyr

Ser
250
Gly

Leu

Pro

Ser Asn Gly

Tyr Thr Pro

Tyr

Val

Ala

Lys

Ala

75

Phe

Arg

Lys

Phe

Tyr

155

Ala

Trp

Lys

Asp

Glu

235

Tyr

Asn

His

Lys

Synthetic polypeptide

Asn

Pro

Phe

Leu

60

Glu

His

Pro

Asn

Thr

140

Ile

Glu

Asn

Asp

His

220

Ser

Phe

Trp

Tyr

Asp
300

605

Pro

Glu

Pro

45

Ile

Thr

Asp

Gln

Pro

125

Gly

Thr

Val

Gly

Gly

205

Met

Asn

Gln

Trp

Pro
285

Glu

Trp

Gly
575

Phe

Gly Asn Gly

590

Leu

Ile

Arg

30

Gly

Gly

Asn

Asp

Glu

110

Tyr

Tyr

Gly

Asp

Thr

190

Trp

Val

Pro

Thr

Ala
270

Met

Trp

Glu

Phe

15

Asp

Ile

His

Arg

Thr

95

Asp

Asp

Asp

Ala

Leu

175

Gly

Tyr

Thr

Asn

Val
255
Val

Gly

Pro

Gln

Pro

His

Pro

Val

Ser

80

Phe

Ala

Pro

Thr

His

160

Asp

Gly

Tyr

Met

Asn

240

Gly

Ala

Arg

Thr
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411 412

-continued

Phe Thr Pro Ile Ser Gly Lys Met Ser Gly Trp Pro Met Pro Pro Ser
305 310 315 320

Gln Lys Asp Ile Arg Gly Val Gly Pro Tyr Val Asn Ser Pro Asp Pro
325 330 335

Glu His Leu Thr Phe Pro Arg Ser Ala Pro Leu Pro Ala His Leu Thr
340 345 350

Tyr Trp Arg Tyr Pro Asn Pro Ser Ser Tyr Thr Pro Ser Pro Pro Gly
355 360 365

His Pro Asn Thr Leu Arg Leu Thr Pro Ser Arg Leu Asn Leu Thr Ala
370 375 380

Leu Asn Gly Asn Tyr Ala Gly Ala Asp Gln Thr Phe Val Ser Arg Arg
385 390 395 400

Gln Gln His Thr Leu Phe Thr Tyr Ser Val Thr Leu Asp Tyr Ala Pro
405 410 415

Arg Thr Ala Gly Glu Glu Ala Gly Val Thr Ala Phe Leu Thr Gln Asn
420 425 430

His His Leu Asp Leu Gly Val Val Leu Leu Pro Arg Gly Ser Ala Thr
435 440 445

Ala Pro Ser Leu Pro Gly Leu Ser Ser Ser Thr Thr Thr Thr Ser Ser
450 455 460

Ser Ser Ser Arg Pro Asp Glu Glu Glu Glu Arg Glu Ala Gly Glu Glu
465 470 475 480

Glu Glu Glu Gly Gly Gln Asp Leu Met Ile Pro His Val Arg Phe Arg
485 490 495

Gly Glu Ser Tyr Val Pro Val Pro Ala Pro Val Val Tyr Pro Ile Pro
500 505 510

Arg Ala Trp Arg Gly Gly Lys Leu Val Leu Glu Ile Arg Ala Cys Asn
515 520 525

Ser Thr His Phe Ser Phe Arg Val Gly Pro Asp Gly Arg Arg Ser Glu
530 535 540

Arg Thr Val Val Met Glu Ala Ser Asn Glu Ala Val Ser Trp Gly Phe
545 550 555 560

Thr Gly Thr Leu Leu Gly Ile Tyr Ala Thr Ser Asn Gly Gly Asn Gly
565 570 575

Thr Thr Pro Ala Tyr Phe Ser Asp Trp Arg Tyr Thr Pro Leu Glu Gln
580 585 590

Phe Arg Asp
595

<210> SEQ ID NO 108

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 108

atgctgaacce tatcccacac cgagcacact ctetttegec ctcetcecect ttececteect 60
catcaccacce accaccacca ctteattgte ggecgeegece cgeecgagge getgegegge 120
gecatcacge gccacatceg cgcegtegee ggctactace geggecgetyg ctacgectgg 180
gacgtggtca acgaggcgcet cgacgaggac ggcacctacce gcaagagect cttctacaac 240
gteeteggeg acgagtacat cegcatcgte aagacctteg agaagctgat ccgegagaag 300

ccaaagcegyg gcttcaageg caagaggaaa accgtagcag caaactaa 348
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-continued

414

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 109
H: 115
PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 109

Met Leu Asn
1

Leu Ser Leu
Arg Pro Pro
35

Val Ala Gly
50

Glu Ala Leu

Val Leu Gly

Ile Arg Glu

Ala Ala Asn
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Ser His Thr Glu

5

Pro His His His His

20

Glu Ala Leu Arg Gly

Tyr Tyr Arg Gly Arg

55

Asp Glu Asp Gly Thr

70

Asp Glu Tyr Ile Arg

85

Lys Pro Lys Pro Gly

100

D NO 110
H: 2466
DNA

His Thr Leu
10

His His His
25

Ala Ile Thr

Cys Tyr Ala

Tyr Arg Lys

75

Ile Val Lys
90

Phe Lys Arg
105

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 110

atggaggagg

ctcaactege

ttggatggac

ggacaatggce

actcccacgg

cgtgggaaca

gtcetetety

ctectteceeyg

accctgtegt

gecttecate

ctggectaca

cactacatct

cgctteggge

acctegtecg

gtcttegteg

ctccagacga

cgcgacatce

tcctteggee

agcttectgg

aagcgactcc

getggecatge

atctaaggac

tcgtggecga

cctegggeaa

ctctgaacct

tcgagaccac

ceggeagged

cegggacget

c¢gaccggggy

cgeceegeacee

tcacccagac

ccttcaacaa

accaggcgta

acactccegyg

gegtegaggg

tgcgceggta

tgtggctcag

cecggcatgag

aagaccccaa

caggcgtttyg

ctacaccaag

gggcgtacaa

gggaatcage

ggcaacgcete

ccactggcaa

cgaggtggac

ctcggegaca

caagaagccc

gagcacgcce

caccctegec

ggtcggccag

caagaacgtyg

gegegtegag

gcageggete

cteggtecte

cacgtectte

ggcgcgcgac

Phe Arg Pro

Phe Ile Val
30

Arg His Ile

Trp Asp Val

60

Ser Leu Phe

Thr Phe Glu

Lys Arg Lys
110

ic polynucleotide

tcgagtateg

gccaacaaac

gatatccgac

gtccaatacyg

ctettgtgee

agcatcgaca

ggcgeegtee

gccaaggtga

gtcageggca

ctgaccacce

atgcagctygg

gtcggcgagt

agggtcgagc

ggcttetgga

ctcgagateg

cgctggttea

accggagecc

accacctegt

ataccegteg

tgcagatgca

cccacggegt

cagccecgac

ccgaggaagt

cgacgcgcaa

tcgagecgge

gtcgeggace

ccaagacgga

agccgcacga

tgctcaaccy

ccgacatgeg

ccatccacgyg

tgtggaacgce

tgagctegeyg

dgagcgagceg

tcatctacgyg

ceggcagegt

acgacgagga

aggtcttceca

Leu Pro
15

Gly Arg

Arg Ala

Val Asn

Tyr Asn

80

Lys Leu
95

Thr Val

gaggcacatg

cttecccaage
ctggegggte
ataccgaatc
gatcttgaac
ttttgatggce
cgacttcgac
gageggcace
gttegagate
gtcagtcegge
caacttcege
geteggegag
ggacggggge
cggctacggt
gtgctgcegg
geccteceeg
geccagetgg
gacggtcaac

cttegactge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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416

-continued
ttectggcetca aggcgtteca gtggtgcgac ttcegagtteg accgcgacat gttcecccggac 1200
ccgaggggee agatcegggeg cctcaaggece ggeggecteg tcaagaaggt ctgegtetgg 1260
acgaacccgt acctgggcca ggcgteccee gtettegeeyg aggecgcegge caggggctac 1320
ctgcteegge gcaggaacgg cgacgtette cagtgggace tgtggcagac gggcatggge 1380
atcgtcgact tcaccaaccce ggacgcccge gcecctggtteg cecgectgtet cgaccgecte 1440
ttcgacacgg gcgtcgactyg catcaagacce gactttggeg agcgcatcce ctceccgaggat 1500
gtgcagtggt tcgaccctte ggtcgacceg gagcggatgce acaactacta cgccttcatce 1560
tacaacaagc tcgtctacga ggccctgecag aggegttacyg gegecaacga ggccgtectg 1620
ttegeccegeg cegecaccge cggctgecag cggttecceee tcacctgggyg cggegactge 1680
gagtcgacce ccgaggccat ggcecgagteg ctacgeggtg gtttgtcecct cggectgtece 1740
gggttcgect tetggagegt cgacattgge ggcttcgagyg ggtcgcecgec tceectggatce 1800
tacaagcgct gggtcgectt cggectecte tgctcecccact cgcgectgca cggctcecaac 1860
tegtacceggg tccectggac ggtcgacgge gacgaccagt ccgaggaggyg atgctccgece 1920
acgctgcegca agtggaccca tcectcaaggct cgecctgatge cctacctcett ctecccaggeg 1980
caggagagceg tccggggegg getccegete agectgaggyg ccatgtgeat cgagttecce 2040
gacgaccecga ccgectggac cctegatege cagttcatge teggcgacgg cctectegte 2100
geeccegtet tegaggagga cggcaccgte gagttctace tgcccagggg caagtggacce 2160
aacttcttca ccggcgaggt caaggagggc cccggctggt tcgccgagac ccacgggtte 2220
ggcaccctyge cgcetctacgt ccggeccaac acgctectgg ttetgggcaa ggaaggagag 2280
acgaggaccg tgtacgacta cacgagcgac gtcgaggtga gggcgtattt tgccagtgac 2340
agcgecageg ccegtgetggt cgacgecgag ggcaagactyg taggtacccet gegtgtcaag 2400
gacggggaga ttatcggaaa ggaactgcta tctggcaact cggtcatcaa tgtcgtgage 2460
tcetga 2466

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 111
H: 821
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 111

Met Glu Glu
1

Gln Arg His

Lys Pro His
35

Thr Lys Asp
50

Val Ala Glu
65

Thr Pro Thr

Lys Ile Leu

Asp Ile Glu
115

Glu Ala Thr Pro Arg

5

Met Leu Asn Ser Arg

20

Gly Val Phe Pro Ser

40

Ile Arg Pro Ala Pro

55

Gly Val Gln Val Gln

70

Ala Ser Gly Lys Gly

85

Asn Arg Gly Asn Thr

100

Pro Ala Phe Asp Gly

120

Pro Gln Ser
10

Trp His Ala

Leu Asp Gly

Thr Trp Arg

Tyr Ala Glu
75

Ile Ser Leu
90

Leu Asn Leu
105

Val Leu Ser

Synthetic polypeptide

Ser Ile Val

Arg Arg Leu

His Leu Arg
45

Val Gly Gln
60

Glu Val Tyr

Leu Cys Pro

Ala Thr Leu
110

Val Glu Thr
125

Gln Met
15

Ala Asn

Thr Tyr

Trp Leu

Arg Ile

80

Thr Arg
95

Ser Ile

Thr His
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417

-continued

418

Trp

Gly

145

Thr

Glu

Thr

Thr

Thr

225

Arg

Ala

Trp

Ser

Arg

Ala

385

Pro

Ala

Thr

465

Phe

Pro

Met

Leu

Gln

130

Arg

Leu

Phe

Leu

Pro

210

Gln

Phe

Asp

Met

Glu

290

Glu

Asp

Pro

Tyr

Asp

370

Phe

Arg

Cys

Glu

Phe

450

Asn

Asp

Ser

His

Gln
530

Gly

Pro

Ser

Glu

Leu

195

Met

Thr

Gly

Gly

Ser

275

Leu

Gly

Ile

Ser

Asp

355

Ile

Gln

Gly

Val

Ala

435

Gln

Pro

Thr

Glu

Asn

515

Arg

Ala

Glu

Ser

Ile

180

Asn

Gln

Thr

Pro

Gly

260

Ser

Glu

Gln

Leu

Trp

340

Glu

Pro

Trp

Gln

Trp

420

Ala

Trp

Asp

Gly

Asp

500

Tyr

Arg

Val

Val

Gly

165

Ala

Arg

Leu

Leu

Phe

245

Thr

Arg

Ile

Arg

Arg

325

Ser

Glu

Val

Cys

Ile

405

Thr

Ala

Asp

Ala

Val
485
Val

Tyr

Tyr

Arg

Asp

150

Thr

Phe

Ser

Ala

Ala

230

Asn

Ser

Gly

Gly

Leu

310

Arg

Phe

Thr

Glu

Asp

390

Gly

Asn

Arg

Leu

Arg

470

Asp

Gln

Ala

Gly

Arg Gly Pro Asp Phe Asp Leu Phe Pro
135 140

Ala Lys Val Thr Lys Thr Glu Ser Gly
155

Leu Ser Ala Thr Val Ser Gly Lys Pro
170 175

His Pro Thr Gly Gly Lys Lys Pro Leu
185 190

Val Gly Leu Ala Tyr Thr Pro Ala Pro
200 205

Asp Met Arg Asn Phe Arg His Tyr Ile
215 220

Val Gly Glu Ser Ile His Gly Leu Gly
235

Lys Val Gly Gln Arg Val Glu Leu Trp
250 255

Ser Asp Gln Ala Tyr Lys Asn Val Gly
265 270

Tyr Gly Val Phe Val Asp Thr Pro Gly
280 285

Ser Glu Arg Cys Cys Arg Leu Gln Thr
295 300

Arg Trp Phe Ile Ile Tyr Gly Pro Ser
315

Tyr Ser Val Leu Thr Gly Ala Pro Gly
330 335

Gly Leu Trp Leu Ser Thr Ser Phe Thr
345 350

Val Asn Ser Phe Leu Ala Gly Met Arg
360 365

Val Phe His Phe Asp Cys Phe Trp Leu
375 380

Phe Glu Phe Asp Arg Asp Met Phe Pro
395

Arg Leu Lys Ala Gly Gly Leu Val Lys
410 415

Pro Tyr Leu Gly Gln Ala Ser Pro Val
425 430

Gly Tyr Leu Leu Arg Arg Arg Asn Gly
440 445

Trp Gln Thr Gly Met Gly Ile Val Asp
455 460

Ala Trp Phe Ala Ala Cys Leu Asp Arg
475

Cys Ile Lys Thr Asp Phe Gly Glu Arg
490 495

Trp Phe Asp Pro Ser Val Asp Pro Glu
505 510

Phe Ile Tyr Asn Lys Leu Val Tyr Glu
520 525

Ala Asn Glu Ala Val Leu Phe Ala Arg
535 540

Ala

Thr

160

His

Thr

Ser

Phe

Glu

240

Asn

Phe

Arg

Ser

Pro

320

Ser

Thr

Ala

Lys

Asp

400

Lys

Phe

Asp

Phe

Leu

480

Ile

Arg

Ala

Ala



419

US 9,476,077 B2

-continued

420

Ala Thr Ala
545

Glu Ser Thr

Leu Gly Leu

Glu Gly Ser

595

Leu Leu Cys
610

Pro Trp Thr
625

Thr Leu Arg

Phe Ser Gln

Arg Ala Met

675

Asp Arg Gln
690

Glu Glu Asp
705

Asn Phe Phe

Thr His Gly

Leu Val Leu

755

Ser Asp Val
770

Val Leu Val
785

Asp Gly Glu

Asn Val Val

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Cys Gln Arg Phe
550

Pro Glu Ala Met Ala

565

Ser Gly Phe Ala Phe

580

Pro Pro Pro Trp Ile

600

Ser His Ser Arg Leu

615

Val Asp Gly Asp Asp
630

Lys Trp Thr His Leu

645

Ala Gln Glu Ser Val

660

Cys Ile Glu Phe Pro

680

Phe Met Leu Gly Asp

695

Gly Thr Val Glu Phe
710

Thr Gly Glu Val Lys

725

Phe Gly Thr Leu Pro

740

Gly Lys Glu Gly Glu

760

Glu Val Arg Ala Tyr

775

Asp Ala Glu Gly Lys
790

Ile Ile Gly Lys Glu

805

Ser Ser
820

D NO 112
H: 2553
DNA

Pro Leu Thr
555

Glu Ser Leu
570

Trp Ser Val
585

Tyr Lys Arg

His Gly Ser

Gln Ser Glu

635

Lys Ala Arg
650

Arg Gly Gly
665

Asp Asp Pro

Gly Leu Leu

Tyr Leu Pro

715

Glu Gly Pro
730

Leu Tyr Val
745

Thr Arg Thr

Phe Ala Ser

Thr Val Gly
795

Leu Leu Ser
810

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 112

atggccagca

gtcgtgacag

atccgttacyg

ttcagatact

atcacggact

gtcagagtcg

accgeccgga

cgcaaagett

geeggtacceyg

dcggcaaggy

agtggtccga

ttgatgccce

actttcacct

getecgaccet

ccctagacgyg

atgcggttet

gtacacgttce

atcctcttac

dgacggaggce

gcagtaccge

cacctatgac

ctggaattac

cgectatgge

cgacgacage

Trp Gly Gly

Arg Gly Gly

Asp Ile Gly

590

Trp Val Ala
605

Asn Ser Tyr
620

Glu Gly Cys

Leu Met Pro

Leu Pro Leu

670

Thr Ala Trp
685

Val Ala Pro
700

Arg Gly Lys

Gly Trp Phe

Arg Pro Asn

750

Val Tyr Asp
765

Asp Ser Ala
780

Thr Leu Arg

Gly Asn Ser

ic polynucleotide

ccgaggaatce

tatcgettca

ttcgaggatc

gttgtcgaga

aagaagaagt

gacggcaaga

cgegtggace

aagtctatge

cgaaggccaa

ccctecteac

gegegtecac

caaacgacag

tctcatcgga

gttatggaga

tggaaccggg

tctttgacga

Agsp Cys
560

Leu Ser
575

Gly Phe

Phe Gly

Arg Val

Ser Ala
640

Tyr Leu
655

Ser Leu

Thr Leu

Val Phe

Trp Thr
720

Ala Glu
735

Thr Leu

Tyr Thr

Ser Ala

Val Lys
800

Val Ile
815

tccgaaggece
cgaacggttyg
gttegeggta
tctegagatce
aggactttce
cectgggegge
tgtgcteteg

cgacgggtgg

60

120

180

240

300

360

420

480
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422

-continued
attgccatte gcgagecggg ccgcattgac ggttacgtgt ttgectacag cggcgagcac 540
aaggccgeca tcagggactt ctaccgecte teegggegte ageeggtget ccccegetgg 600
gtgctgggga actggtggtce caggtaccac gcatactcgg ccgacgaata catcgagett 660
atggaccact tcaaacgcga aggaatceeg ctcacgacga geatcgtgga tatggactgg 720
caccgggttyg acgacgtecee geccaagtac ggetcaggat ggacgggeta cagcetggaac 780
cgcaagetgt tcccggaccee cgaggggtte ctgcaggage tgcegtaatceg gaacctgaaa 840
gtggcectca acgaccacce ggcggacgge atccgggegt atgaggatcet gtacceggeg 900
gtggccaagg ccctgaatca cgacacgteg cgagaggaac cgatcaagtt tgactgecacc 960
gatcgcaagt tcatggacgc ctacttcgac gttctgaage tcagcecttga gaagcagggce 1020
gtcatgttct ggtggatcga ctggcagcaa ggcaccggca gcaagctccce cagcgtagac 1080
ccgetgtggg tgctcaatca ctaccactac ctcaccagta agcgcaacgce gaaagacatce 1140
caacgtccca tcacattcte ccgctacgce ggegeccggtg cccatcggta ccecgatceggce 1200
ttectegggeg acacgcagac gacttgggaa ggtctcgagt tccagecccga gtttaccgca 1260
acggcatcca acatcggeta tggetggtgg agecacgaca teggegggea ttggggegge 1320
gtcecgeteca accagctgac ggtecgetgg gtccagetgg getgettete cceccgatectyg 1380
cggetgecact cgaacaagag cccgtggaac tcgagagage cgtggaacta cgaggacgag 1440
gcgcacagga tcatgaagga cttectcatce ctgcgccacce gcectcatcce cttectcectac 1500
accatgaaca tcecgggecag ctacgagage gagecgetca tecageccat gtactggaat 1560
cacccgaagg acgaagagge ctacacggtg ccgacgeagt actacttegg gecggaccte 1620
ctegtggece ccatcacgte teccaacage accgtcacee tgatgggecg cgtgegegece 1680
tggctgcecge cgggccggta cgtcgacctg ttctaccege acctggtcta cgacggcggce 1740
cggtacatge acctgecacceg cgacctgteg cagatceceg tgctegegeg ggagggcace 1800
atcgtgeege tggacacgac geccaggacg ggecacggeg cegegeggee gaccgagate 1860
accctectee tegtegtegg cegggacgceg cactttgage tggtcgagga gecggagcag 1920
caggaccacce atcgecacgg cggceggegac gacggcgatg accaaccece gcetcagegeg 1980
ttcgecegga cccccatete gtggtegeag geggacggeg tgctcaccat cgggecggag 2040
tggaacggeyg ccggggecceg cegetggegg cagtggaacg tcaagetggt cgggcacacce 2100
aacacggacyg tgcaggcgca ggtgcceggg ttecgggtea cgegegacgt cgagggeggg 2160
tgcacgacgg tggcgetegg caacgtgeac cggtggeage ageegcacca gegggacgge 2220
ggcgggtteg agatctcecgcet ggggcgcgac ctgcagctgg acgtggtgga cgtgcgegeg 2280
cgegectteg aggtectgea cegggecgag atggggtacg aggccaagga ccccegtetgg 2340
gacgtcttca cgtceggega cgeggtgcag acgegggtge ageggetgge ggegetegac 2400
gtcgacgeeyg cgctcaagaa cgcectcatyg gaggtetggg cggecgacgyg gegggecgag 2460
ggcagegegyg cgggctacga gacctgggtyg gacgtgaagg cgtgegeggyg agacgeggte 2520
gaggaggcgce tcaaggagta cgttatcgtg tga 2553

<210> SEQ ID NO 113
<211> LENGTH: 850

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

Synthetic polypeptide
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423

-continued

424

<400> SEQUENCE:

Met

1

Asn

Phe

Gly

Asp

65

Ile

Glu

Lys

Tyr

Ala

145

Ile

Ser

Arg

Tyr

Lys

225

Tyr

Glu

Asp

Leu

305

Asp

Glu

Gly

Thr
385

Phe

Ala

Pro

Thr

Gly

Ala

Thr

Gly

Ser

Gly

130

Val

Ala

Gly

Gln

His

210

Arg

Arg

Ser

Leu

Gly

290

Asn

Arg

Lys

Ser

Tyr
370

Phe

Ser

Ser

Lys

Leu

35

Phe

Pro

Asp

Leu

Tyr

115

Arg

Leu

Ile

Glu

Pro

195

Ala

Glu

Val

Trp

Arg

275

Ile

His

Lys

Gln

Lys
355
Leu

Ser

Gly

Ser

Ala

20

Leu

Glu

Gln

Tyr

Ser

100

Gly

Val

Asp

Arg

His

180

Val

Tyr

Gly

Asp

Asn

260

Asn

Arg

Asp

Phe

Gly

340

Leu

Thr

Arg

Asp

113

Arg

Val

Thr

Asp

Tyr

Phe

85

Val

Asp

Asp

Asp

Glu

165

Lys

Leu

Ser

Ile

Asp

245

Arg

Arg

Ala

Thr

Met

325

Val

Pro

Ser

Tyr

Thr
405

Tyr

Val

Glu

Arg

Arg

70

His

Arg

Leu

Leu

Ser

150

Pro

Ala

Pro

Ala

Pro

230

Val

Lys

Asn

Tyr

Ser

310

Asp

Met

Ser

Lys

Ala
390

Gln

Arg Tyr Thr Phe Pro Arg Asn Pro Lys
10 15

Thr Gly Gly Lys Gly Ser Ser Tyr Tyr
25 30

Arg Leu Ile Arg Tyr Glu Trp Ser Glu
40 45

Ala Ser Thr Phe Ala Val Phe Arg Tyr
55 60

Val Val Glu Thr Asn Asp Ser Leu Glu
75

Leu Thr Tyr Asp Lys Lys Lys Phe Ser
90 95

Val Gly Ser Asp Leu Trp Asn Tyr Asp
105 110

Gly Gly Thr Ala Arg Thr Leu Asp Gly
120 125

Glu Pro Gly Val Leu Ser Arg Lys Ala
135 140

Lys Ser Met Leu Phe Asp Asp Asp Gly
155

Gly Arg Ile Asp Gly Tyr Val Phe Ala
170 175

Ala Ile Arg Asp Phe Tyr Arg Leu Ser
185 190

Arg Trp Val Leu Gly Asn Trp Trp Ser
200 205

Asp Glu Tyr Ile Glu Leu Met Asp His
215 220

Leu Thr Thr Ser Ile Val Asp Met Asp
235

Pro Pro Lys Tyr Gly Ser Gly Trp Thr
250 255

Leu Phe Pro Asp Pro Glu Gly Phe Leu
265 270

Leu Lys Val Ala Leu Asn Asp His Pro
280 285

Glu Asp Leu Tyr Pro Ala Val Ala Lys
295 300

Arg Glu Glu Pro Ile Lys Phe Asp Cys
315

Ala Tyr Phe Asp Val Leu Lys Leu Ser
330 335

Phe Trp Trp Ile Asp Trp Gln Gln Gly
345 350

Val Asp Pro Leu Trp Val Leu Asn His
360 365

Arg Asn Ala Lys Asp Ile Gln Arg Pro
375 380

Gly Ala Gly Ala His Arg Tyr Pro Ile
395

Thr Thr Trp Glu Gly Leu Glu Phe Gln
410 415

Ala

Arg

Asp

Phe

Ile

80

Ser

Gly

Ala

Tyr

Trp

160

Tyr

Gly

Arg

Phe

Trp

240

Gly

Gln

Ala

Ala

Thr

320

Leu

Thr

Tyr

Ile

Gly
400

Pro
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425

-continued

426

Glu

Asp

Arg

Asn

465

Ala

Pro

Leu

Thr

Ile

545

Trp

Tyr

Pro

Arg

625

Gln

Pro

Gly

Trp

Gln

705

Cys

Gln

Leu

Ala

Ser
785

Gly

Phe

Ile

Trp

450

Lys

His

Phe

Ile

Val

530

Thr

Leu

Asp

Val

Thr

610

Val

Asp

Leu

Val

Arg

690

Ala

Thr

Arg

Asp

Glu
770
Gly

Asp

Arg

Thr

Gly

435

Val

Ser

Arg

Leu

Gln

515

Pro

Ser

Pro

Gly

Leu

595

Gly

Gly

His

Ser

Leu

675

Gln

Gln

Thr

Asp

Val

755

Met

Asp

Ala

Ala

Ala

420

Gly

Gln

Pro

Ile

Tyr

500

Pro

Thr

Pro

Pro

Gly

580

Ala

His

Arg

His

Ala

660

Thr

Trp

Val

Val

Gly

740

Val

Gly

Ala

Ala

Glu
820

Thr

His

Leu

Trp

Met

485

Thr

Met

Gln

Asn

Gly

565

Arg

Arg

Gly

Asp

Arg

645

Phe

Ile

Asn

Pro

Ala

725

Gly

Asp

Tyr

Val

Leu
805

Gly

Ala

Trp

Gly

Asn

470

Lys

Met

Tyr

Tyr

Ser

550

Arg

Tyr

Glu

Ala

Ala

630

His

Ala

Gly

Val

Gly

710

Leu

Gly

Val

Glu

Gln
790

Lys

Ser

Ser Asn Ile Gly Tyr Gly Trp Trp Ser
425 430

Gly Gly Val Arg Ser Asn Gln Leu Thr
440 445

Cys Phe Ser Pro Ile Leu Arg Leu His
455 460

Ser Arg Glu Pro Trp Asn Tyr Glu Asp
475

Asp Phe Leu Ile Leu Arg His Arg Leu
490 495

Asn Ile Arg Ala Ser Tyr Glu Ser Glu
505 510

Trp Asn His Pro Lys Asp Glu Glu Ala
520 525

Tyr Phe Gly Pro Asp Leu Leu Val Ala
535 540

Thr Val Thr Leu Met Gly Arg Val Arg
555

Tyr Val Asp Leu Phe Tyr Pro His Leu
570 575

Met His Leu His Arg Asp Leu Ser Gln
585 590

Gly Thr Ile Val Pro Leu Asp Thr Thr
600 605

Ala Arg Pro Thr Glu Ile Thr Leu Leu
615 620

His Phe Glu Leu Val Glu Glu Pro Glu
635

Gly Gly Gly Asp Asp Gly Asp Asp Gln
650 655

Arg Thr Pro Ile Ser Trp Ser Gln Ala
665 670

Pro Glu Trp Asn Gly Ala Gly Ala Arg
680 685

Lys Leu Val Gly His Thr Asn Thr Asp
695 700

Phe Arg Val Thr Arg Asp Val Glu Gly
715

Gly Asn Val His Arg Trp Gln Gln Pro
730 735

Phe Glu Ile Ser Leu Gly Arg Asp Leu
745 750

Arg Ala Arg Ala Phe Glu Val Leu His
760 765

Ala Lys Asp Pro Val Trp Asp Val Phe
775 780

Thr Arg Val Gln Arg Leu Ala Ala Leu
795

Asn Ala Leu Met Glu Val Trp Ala Ala
810 815

Ala Ala Gly Tyr Glu Thr Trp Val Asp
825 830

His

Val

Ser

Glu

480

Ile

Pro

Tyr

Pro

Ala

560

Val

Ile

Pro

Leu

Gln

640

Pro

Asp

Arg

Val

Gly

720

His

Gln

Arg

Thr

Asp
800

Asp

Val
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427 428

-continued

Lys Ala Cys Ala Gly Asp Ala Val Glu Glu Ala Leu Lys Glu Tyr Val
835 840 845

Ile Val
850

<210> SEQ ID NO 114

<211> LENGTH: 1614

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 114

atgccgcagyg ttcgaaacce catccteece ggettcaace cegacectte catccteegg 60
gttggggatyg actactacat cgccacttca acctttgagt ggtacccggyg tgttcagatc 120
caccactcca tggacctege aaactgggaa cttgtcacce gtcecctaaa ccgcaagagce 180
caactggata tgcgaggaga tccggacage tgeggeatet gggetecetg cctgacgceat 240
gacggcgaca ggttcetgget ggtatacacyg gacgtcaaac gcaaggacgyg ctegttcaag 300
gacgcacaca actacatcgt cagtgcgccce gccatcgagg gteectggte ggaccectte 360
tatgtcaact cgtcegggtt cgaccecteg ctettecatg acgacgacgg ccggaagtgg 420
ttcgtcaaca tgatgtggga ccaccgcage cgeccgegaa cetttgeegg catcgegetg 480
caagagttcg accccaagge cgggaagetyg gttgggecge gcaagaacat ttaccaagge 540
accgacctgyg gectegtega gggeccgeac ttgtacaage gcaacgggtyg gtactatcte 600
ctgacagcag agggcgggac tggctatgag catgectgea cectegeccg gteteggaac 660
atctggggece cgtacgaaga tcacccgeag aagtacatet tgacgtctaa ggaccaccceg 720
cacgcagecece tgcagegage cggecacgge gacatcgteg acaccecega cgggegtace 780
tacgtegtte acctgaccgg ceggeccate acgcagttece gecgetgtgt cttggggege 840
gagacggcca tccaggagge ctactgggge gacgacgact ggetctacgt caagaacggce 900
cctgtgecca gectgttegt ggaccteeeg gecgeccgea acgacgacga ctactgggece 960

gagaagaggt acacgttcga ggcgggectg cacaaggact tccagtgget gegcacgecce 1020
gagacggacc gcatcttcag gacggacaac gggaagttga cgctcatcgg cecgegagtec 1080
atcggcectect ggttcgagca ggccctggte gcececggegece agacgcactt ctegtacgac 1140
geegagaceyg tcatcgactt caagectgcece gacgagegec agttegecgg cctgacggec 1200
tattactgcce gctacaactt cttctacctg accgtcacgg cccactcgga cggccggcegyg 1260
gagctgctceca tcatggeccte cgaggcectece tggcceccteg gegecctecg gteccecttat 1320
cecgggacceg tccagatcce caacgaggge aaggtcecgge tegegctcaa gatcagggge 1380
aaggagctgce agttctacta cgctctcgag ggcgaagagce taaaacagat tgggcccgta 1440
ttcgacgcta gecatcgttte tgacgagtgce ggcggccacce agaagcacgg cagcttcacg 1500
ggcgectteg teggegtgge tgcttceccgac atcaacggta ctgctgccga ggcgaccttt 1560

gactactttg tgtacaagcc cgtgcaccat gagagtgacc ggtacgagat ttaa 1614

<210> SEQ ID NO 115

<211> LENGTH: 537

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 115

Met Pro Gln Val Arg Asn Pro Ile Leu Pro Gly Phe Asn Pro Asp Pro
1 5 10 15
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430

Ser

Glu

Trp

Arg

65

Asp

Gly

Glu

Pro

Met

145

Gln

Ile

Lys

Tyr

Tyr

225

Asp

Phe

Trp

Leu

305

Glu

Leu

Leu

Leu

Ile
385
Tyr

Asp

Leu

Ile

Trp

Glu

50

Gly

Gly

Ser

Gly

Ser

130

Trp

Glu

Tyr

Arg

Glu

210

Glu

Ala

Gly

Arg

Gly

290

Phe

Lys

Arg

Thr

Val

370

Asp

Tyr

Gly

Gly

Leu

Tyr

35

Leu

Asp

Asp

Phe

Pro

115

Leu

Asp

Phe

Gln

Asn

195

His

Asp

Ala

Arg

Arg

275

Asp

Val

Arg

Thr

Leu

355

Ala

Phe

Cys

Arg

Ala

Arg

Pro

Val

Pro

Arg

Lys

100

Trp

Phe

His

Asp

Gly

180

Gly

Ala

His

Leu

Thr

260

Cys

Asp

Asp

Tyr

Pro

340

Ile

Arg

Lys

Arg

Arg

420

Leu

Val

Gly

Thr

Asp

Phe

85

Asp

Ser

His

Arg

Pro

165

Thr

Trp

Cys

Pro

Gln

245

Tyr

Val

Asp

Leu

Thr

325

Glu

Gly

Arg

Pro

Tyr
405

Glu

Arg

Gly

Val

Arg

Ser

70

Trp

Ala

Asp

Asp

Ser

150

Lys

Asp

Tyr

Thr

Gln

230

Arg

Val

Leu

Trp

Pro

310

Phe

Thr

Arg

Gln

Ala
390
Asn

Leu

Ser

Asp

Gln

Pro

55

Cys

Leu

His

Pro

Asp

135

Arg

Ala

Leu

Tyr

Leu

215

Lys

Ala

Val

Gly

Leu

295

Ala

Glu

Asp

Glu

Thr

375

Asp

Phe

Leu

Pro

Asp

Ile

40

Leu

Gly

Val

Asn

Phe

120

Asp

Pro

Gly

Gly

Leu

200

Ala

Tyr

Gly

His

Arg

280

Tyr

Ala

Ala

Arg

Ser

360

His

Glu

Phe

Ile

Tyr

Tyr

25

His

Asn

Ile

Tyr

Tyr

105

Tyr

Gly

Arg

Lys

Leu

185

Leu

Arg

Ile

His

Leu

265

Glu

Val

Arg

Gly

Ile

345

Ile

Phe

Arg

Tyr

Met
425

Pro

Tyr

His

Arg

Trp

Thr

90

Ile

Val

Arg

Thr

Leu

170

Val

Thr

Ser

Leu

Gly

250

Thr

Thr

Lys

Asn

Leu

330

Phe

Gly

Ser

Gln

Leu
410

Ala

Gly

Ile

Ser

Lys

Ala

75

Asp

Val

Asn

Lys

Phe

155

Val

Glu

Ala

Arg

Thr

235

Asp

Gly

Ala

Asn

Asp

315

His

Arg

Ser

Tyr

Phe
395
Thr

Ser

Pro

Ala

Met

Ser

60

Pro

Val

Ser

Ser

Trp

140

Ala

Gly

Gly

Glu

Asn

220

Ser

Ile

Arg

Ile

Gly

300

Asp

Lys

Thr

Trp

Asp

380

Ala

Val

Glu

Val

Thr

Asp

45

Gln

Cys

Lys

Ala

Ser

125

Phe

Gly

Pro

Pro

Gly

205

Ile

Lys

Val

Pro

Gln

285

Pro

Asp

Asp

Asp

Phe

365

Ala

Gly

Thr

Ala

Gln

Ser

30

Leu

Leu

Leu

Arg

Pro

110

Gly

Val

Ile

Arg

His

190

Gly

Trp

Asp

Asp

Ile

270

Glu

Val

Tyr

Phe

Asn

350

Glu

Glu

Leu

Ala

Ser
430

Ile

Thr

Ala

Asp

Thr

Lys

95

Ala

Phe

Asn

Ala

Lys

175

Leu

Thr

Gly

His

Thr

255

Thr

Ala

Pro

Trp

Gln

335

Gly

Gln

Thr

Thr

His
415

Trp

Pro

Phe

Asn

Met

His

80

Asp

Ile

Asp

Met

Leu

160

Asn

Tyr

Gly

Pro

Pro

240

Pro

Gln

Tyr

Ser

Ala

320

Trp

Lys

Ala

Val

Ala
400
Ser

Pro

Asn
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432

435

Glu Gly Lys
450

Phe Tyr Tyr
465

Phe Asp Ala
Gly Ser Phe
Gly Thr Ala

515
His His Glu

530

<210> SEQ I
<211> LENGT.
<212> TYPE:

440

Val Arg Leu Ala Leu

455

Ala Leu Glu Gly Glu
470

Ser Ile Val Ser Asp

485

Thr Gly Ala Phe Val

500

Ala Glu Ala Thr Phe

520

Ser Asp Arg Tyr Glu

D NO 116
H: 984
DNA

535

Lys Ile Arg

Glu Leu Lys
475

Glu Cys Gly
490

Gly Val Ala
505

Asp Tyr Phe

Ile

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 116

atggcgecce
aagctcttca
gaccagtacyg
ccegtgaceyg
ctetgggece
gacaagcagg
acccecgace
gacgacggcece
cagaagggca
ggegtecggg
agcgaggtga
gaccacgace
ttcagctact
gggcecttea
tccategteg
ggagtcgace
attgtcactg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tcatcaccaa

tataccegte

acatggtcga

accacggegt

ccgacgeage

gegtettecy

cggageccat

gggectacat

acggcatctt

CgCtggggCC

aggagatttc

gecgettett

ccaccggega

cctacgeegyg

agttccacgg

acctgegete

aaaagcccga

D NO 117

H: 327
PRT

catcttcacyg

gcacgatcge

ctaccacgta

cgtgcteegy

ctacaaggac

catcggegte

ccgggacage

gtactttgge

cgaccecgag

gegegtegee

gatcctggeyg

cgaggeegec

cacccactac

ccgeatecte

CCgCtggtgg

cgtcaaggte

atag

gecgaccegt
gagacggaca
ttcagcaccy
gccgaagacyg
ggcaggtact
geegteggeg
tacagcatcg
gggctetggg
tggctgggge
cggctggegg
cccgagacgyg
tggatgcaca
ctcgtetacyg
gagccegtece
ctecttecace

aaggagatct

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 117

445

Gly Lys Glu
460

Gln Ile Gly

Gly His Gln

Ala Ser Asp

510

Val Tyr Lys
525

cggeccacgt
tcaagttcaa
agtcgetgga
tccectgggt
acctctactt
accgceccga
acceggeegt
geggecaget
ccagggagece
acgacatgeg
gegagecgat
agtacgacgg
cegteggega
tcggetggac
acgactgcga

tctacgacaa

Leu Gln
Pro Val
480

Lys His
495

Ile Asn

Pro Val

cttegaggge
cgacgacgge
cceggecgece
gtccaagcag
ccecegecege
gggccectte
cttegtegac
gcagtgctac
ctegggcegag
ccagttegee
cgeggecgac
caagtactac
cagccectac
cacgcaccac
gctecagegge

ggacggcaag

Met Ala Pro Leu Ile Thr Asn Ile Phe Thr Ala Asp Pro Ser Ala His

1

5

10

15

Val Phe Glu Gly Lys Leu Phe Ile Tyr Pro Ser His Asp Arg Glu Thr

20

25

30

Asp Ile Lys Phe Asn Asp Asp Gly Asp Gln Tyr Asp Met Val Asp Tyr

35

40

45

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

984
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-continued

434

His

65

Leu

Phe

Gly

Asp

Ala

145

Gln

Pro

Ala

Leu

Arg

225

Phe

Asp

Trp

Leu
305

Ile

<210>
<211>
<212>
<213>
<220>
<223>

Val

Gly

Trp

Pro

Asp

Ser

130

Tyr

Lys

Ser

Asp

Ala

210

Phe

Ser

Ser

Leu

Trp

290

Arg

Val

Phe

Val

Ala

Ala

Arg

115

Tyr

Met

Gly

Gly

Asp

195

Pro

Phe

Tyr

Pro

Gly

275

Leu

Ser

Thr

Ser

Val

Pro

Arg

100

Pro

Ser

Tyr

Asn

Glu

180

Met

Glu

Glu

Ser

Tyr

260

Trp

Phe

Val

Glu

<400> SEQUENCE:

54

Thr

Leu

Asp

85

Asp

Glu

Ile

Phe

Gly

165

Gly

Arg

Thr

Ala

Thr

245

Gly

Thr

His

Lys

Lys
325

SEQ ID NO 118
LENGTH:
TYPE: DNA
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

118

Glu

Arg

70

Ala

Lys

Gly

Asp

Gly

150

Ile

Val

Gln

Gly

Ala

230

Gly

Pro

Thr

His

Val

310

Pro

Ser

Ala

Ala

Gln

Pro

Pro

135

Gly

Phe

Arg

Phe

Glu

215

Trp

Asp

Phe

His

Asp

295

Lys

Glu

Leu

Glu

Tyr

Gly

Phe

120

Ala

Leu

Asp

Ala

Ala

200

Pro

Met

Thr

Thr

His

280

Cys

Glu

Asp

Asp

Lys

Val

105

Thr

Val

Trp

Pro

Leu

185

Ser

Ile

His

His

Tyr

265

Ser

Glu

Ile

Synthetic

Pro

Val

Asp

90

Phe

Pro

Phe

Gly

Glu

170

Gly

Glu

Ala

Lys

Tyr

250

Ala

Ile

Leu

Phe

Ala

Pro

75

Gly

Arg

Asp

Val

Gly

155

Trp

Pro

Val

Ala

Tyr

235

Leu

Gly

Val

Ser

Tyr
315

Ala

60

Trp

Arg

Ile

Pro

Asp

140

Gln

Leu

Arg

Lys

Asp

220

Asp

Val

Arg

Glu

Gly

300

Asp

Pro

Val

Tyr

Gly

Glu

125

Asp

Leu

Gly

Val

Glu

205

Asp

Gly

Tyr

Ile

Phe

285

Gly

Lys

polynucleotide

Val

Ser

Tyr

Val

110

Pro

Asp

Gln

Pro

Ala

190

Ile

His

Lys

Ala

Leu

270

His

Val

Asp

Thr

Lys

Leu

95

Ala

Ile

Gly

Cys

Arg

175

Arg

Ser

Asp

Tyr

Val

255

Glu

Gly

Asp

Gly

aactcggega cgtegttece gatgecgatt ctgatggeeg cegecttega cgac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE :

54

SEQ ID NO 119
LENGTH:
TYPE: DNA
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

119

Synthetic

polynucleotide

aactcgteca cgtegttece gatgecgatt ctgatggeeg cegecttega cgac

Asp

Gln

80

Tyr

Val

Arg

Arg

Tyr

160

Glu

Leu

Ile

Arg

Tyr

240

Gly

Pro

Arg

His

Lys
320
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436

<210> SEQ ID NO 120

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 120

aactcggega cgtegttece gatgecgetg ctgatggeeg cegecttega cgac

<210> SEQ ID NO 121

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 121

tcatcgegac ctgcaagcac tacgccggcet atgactttga ggactggaac ggcacg

<210> SEQ ID NO 122

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 122

tcatctcgac ctgcaagcac tacgccgget atgactttga ggactggaac ggcacg

<210> SEQ ID NO 123

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 123

tcatcgegac ctgcaagcac tacgccggca acgactttga ggactggaac ggcacg

<210> SEQ ID NO 124

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 124

gegecaacte gtacctectg aacacgatce tgegegggea ctgg

<210> SEQ ID NO 125

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 125

acaccaacgce cgaggcgacce gegetetget tegaggecgg catggac

<210> SEQ ID NO 126

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

54

56

56

56

44

47
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-continued

<400> SEQUENCE: 126

acaccaacgce cgagggcacce gegetetget tegaggecgg catggac 47

<210> SEQ ID NO 127

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 127

acaccaacgce cgaggcgacce ggectcetget tegaggecgg catggac 47

<210> SEQ ID NO 128

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 128

gecgtectgt gggceggeta tecgggecayg gacggceggca cggec 45

<210> SEQ ID NO 129

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 129

gecgtectgt gggccaacta tecgggecag gacggceggca cggec 45

<210> SEQ ID NO 130

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 130

gecgtectgt gggeeggetg gecgggecayg gacggceggca cggec 45

<210> SEQ ID NO 131

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 131

tgtgctgate ctetteegte atgaaggect ctgtatcatg cct 43
<210> SEQ ID NO 132

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 132

gaggttcgtt tacttactta ttacctgtge ctecccctgg ¢ 41

<210> SEQ ID NO 133
<211> LENGTH: 18
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-continued

440

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 133

accccgactyg caccaagce

<210> SEQ ID NO 134

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 134

cgcatacata cctgaccagg

<210> SEQ ID NO 135

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 135

cgatgeeget getgatgg

<210> SEQ ID NO 136

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 136

cgageccgeyg gatcatgg

<210> SEQ ID NO 137

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 137

tggcegeegtt ccageagtyg

<210> SEQ ID NO 138

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 138

ccgagacgte gaggac

<210> SEQ ID NO 139

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

18

20

18

18

19

16
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-continued

442

<400> SEQUENCE: 139

tgggctggge cgacgtcaa

<210> SEQ ID NO 140

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 140

ccgecaaaca gettgtec

<210> SEQ ID NO 141

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 141

caaggaccgyg atgacgatcg

<210> SEQ ID NO 142

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 142

tgagcagceyg gaccac

<210> SEQ ID NO 143

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 143

acctteceggg ccgagtteg

<210> SEQ ID NO 144

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 144

gatcaagacg ctggtcteg

<210> SEQ ID NO 145

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 145

cgagaccage gtettgatce

19

18

20

16

19

19

19
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We claim:

1. A non-naturally occurring beta-xylosidase variant com-
prising SEQ ID NO:15.

2. An enzyme composition comprising the non-naturally
occurring beta-xylosidase variant of claim 1.

3. The enzyme composition of claim 2, further comprising
at least one additional enzyme.

4. The enzyme composition of claim 3, further comprising
one or more enzymes selected from cellulases, hemicellu-
lases, amylases, glucoamylases, proteases, esterases, lipases,
endoglucanases (EG), p-glucosidases (BGL), Type 1 cello-
biohydrolases (CBH1), Type 2 cellobiohydrolases (CBH2),
GHG61 enzymes, and/or xylanases.

5. A recombinant organism comprising the non-naturally
occurring beta-xylosidase variant of claim 1.

6. The recombinant organism of claim 5, wherein said
organism is a fungal organism.

7. The recombinant organism of claim 5, wherein said
organism comprises a recombinant nucleic acid construct
comprising a polynucleotide that encodes a polypeptide
comprising SEQ ID NO:15.

8. The recombinant organism of claim 7, wherein the
polynucleotide sequence is SEQ ID NO:14.

9. The recombinant organism of claim 8, wherein the
polynucleotide sequence is operably linked to a promoter.

10. The recombinant organism of claim 8, wherein said
nucleic acid sequence is operably linked to at least one
additional regulatory sequence.

11. A recombinant host cell that expresses at least one
polynucleotide sequence encoding the non-naturally occur-
ring beta-xylosidase variant of claim 1.

12. The recombinant host cell of claim 11, wherein said
host cell further expresses at least one enzyme selected from
endoglucanases (EG), p-glucosidases (BGL), Type 1 cello-
biohydrolases (CBH1), Type 2 cellobiohydrolases (CBH2),
GHG61 enzymes, and xylanases.

13. A method for producing at least one fermentable sugar
from a feedstock, comprising contacting the feedstock with
at least one enzyme composition of claim 2, under culture
conditions whereby fermentable sugars are produced.

10

15

20

25

30

35

444

14. The method of claim 13, wherein the enzyme com-
position further comprises at least one enzyme selected from
endoglucanases (EG), -glucosidases (BGL), Type 1 cello-
biohydrolases (CBH1), Type 2 cellobiohydrolases (CBH2),
GHG61 enzymes, and xylanases.

15. The method of claim 13, wherein the fermentable
sugar comprises glucose and/or xylose.

16. The method of claim 13, further comprising recover-
ing at least one fermentable sugar.

17. The method of claim 13, further comprising contact-
ing the at least one fermentable sugar with a microorganism
under conditions such that said microorganism produces at
least one fermentation end product.

18. The method of claim 17, wherein said fermentation
end product is selected from alcohols, fatty acids, lactic acid,
acetic acid, 3-hydroxypropionic acid, acrylic acid, succinic
acid, citric acid, malic acid, fumaric acid, succinic acid,
amino acids, 1,3-propanediol, ethylene, glycerol, and
p-lactams.

19. A method of producing an end product from a feed-
stock, comprising:

a) acting the feedstock with at least one enzyme compo-
sition of claim 2, under conditions whereby at least one
fermentable sugar is produced from the substrate; and

b) contacting the fermentable sugar with a microorganism
under conditions such that the microorganism uses the
fermentable sugar to produce an end-product.

20. The method of claim 19, wherein the method com-
prises simultaneous saccharification and fermentation reac-
tions (SSF) or separate saccharification and fermentation
reactions (SHF).

21. A method of producing a fermentation end product
from a feedstock, comprising:

a) obtaining at least one fermentable sugar produced

according to the method of claim 19; and

b) contacting the fermentable sugar with a microorganism
in a fermentation to produce at least one fermentation
end product.
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